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PEE FACE 


This Manual is intended to take the place o£ the ‘ Manual 
of Botany ’ written by the late Bkofessok Bunti.ky. In- 
deed, it was originally contemplated that it should a})peai 
as the sixth edition of that work. The chapters on Mor- 
phology have been altered only so far as has been i iccossa vy 
m order to incorporate in them the nioditicatioiis of the oldei’ 
views, which are based upon recent seientilic invt'Ktigation.s 
While the preparation of tins section was in pi’ogn'ss 
the death of PBOi’ESSOii IlENTiiRY led to considi'nible 
alterations in the mode of treatment of the ri'niauider ol 
the book. The .subject of the anatomy of plants has been 
separated from that of morphology and made a Kc>parm.e 
section. This has been ahno.st entirely rt'writton and 
enlarged, and numerous figure.s hav<' been added. Many 
of these are original, otheis havi' hec'ii borrowed from the 
writings of contoniporaiy authors. 

The old volume being rather too bnlkj for coiueiiient 
handling, it has been considered dc’sirable that the present 
edition shall consist of two jiarts. In the fiast of these 
the subjects of morphology and anatomy of vi‘getaliNe parts 
arc dealt with, the second will treat of chiH.siiU'ation and 
vogoiablc phy.siology. 

rl. UMYNOLDK (JRh’.KX. 

LoNiioN . Jinw 18SI,". 
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GENEBAL INTBODUCTION. 

The various bodies which are situated on the surface of the 
eaith, or combined so as to form its substance, are naturally 
arranged, both by the common observer and scientific investi- 
gator, in three great di\isions, called, respectively, the Animal, 
Vegetable, and Mineral Kingdoms , and as those compiised in 
the two former are possessed of life, they foim the Oiganic crea- 
tion , while those of the latter, not being endowed with life, 
constitute the Inorganic creation It is our provmce in this 
work to treat of the lower members of the organic world, called 
Plants 01 Vegetables The science which has this for its object 
is termed Botany, from the Greek word (SoTdprj, signifying herb 
or grass. 

Departments of Botany — Botany in its extended sense 
embraces everything that has reference to plants, either in a 
living oi fossil state. It investigates their nature, their internal 
structure, their outwaid forms; the laws by which they are 
enabled to grow and jiropagate themselves , and their lelations to 
one another, and to the other bodies by which they are surrounded. 
As a scionco, therefore, it is of vast extent, and one which re- 
quires for its successful prosecution the most careful and syste- 
matic study We may divide it mto soveial departments, which 
can bo examined separately We may regard especially the 
peculiarities of outward form which plants present, some of 
extreme simplicity and of microscopic dimensions, globular or 
cylindrical m shape, and consisting of only a single vegetable 
cell, with no differentiation of parts, otheis st;i*ings of cells, 
others flat plates, others of oonsidoiable substance, showmg 
various paits, each with its own individuality. Such a section 
T)f the subject is known as Morphology. Wc may again study 

VOIi I. B 
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the oigamsm from the point of view of its internal structure, 
without lefeience to its form "We deal in this connection with 
s true till al units of plants , the vegetable cell as an individual, 
and the combinations of cells to form the filaments, plates, or 
masses of which the plant consists , tiacing the vaiious modifi- 
cations of cell structure, the alteiations m then foims, and the 
ways m which they aie airanged together in the vaiious parts of 
the oigamsm this forms the department of Vegetable Anatomy 
or Histology. Again, we may look upon the plant as a living 
oigamsm, and study the way m which it cariies out the various 
piocosses of its life, and the way m which it reacts to its environ- 
ment. This section is known as Vegetable Physiology Another 
depaitment is Taxonomy, which considers plants m their lela- 
tionshii> to each other, and includes a knowledge of the pimciples 
upon which they may be classified This is generally known as 
Systematic Botany. Geogiaphical Botany, again, deals with the 
distribution of iilants over the surface of the earth at the present 
time, and in\ estigates the causes of such distribution. Palseo- 
phytogiapliy, oi Fossil Botany, considers the natuio and distii- 
bution of plants through the ages of the earth’s existence, 
and desciibesthe structuie of those found in a fossil state m the 
diffeient strata of which the eaith is composed. The first four 
depaitments only aie those that come within the scope of the 
present work , the lattei two heing of too special and extonsi\e 
a natuie to be ticated of m this Manual There are also several 
sections of what may be called Applied Botany, which aio 
founded on a knowledge of the above departments, such as 
Desenpti've Botany, Vegetable Mateiia Medica, Agricultural, 
Horticultural, and Economic Botany To these special woiks 
are commonly devoted, but, so far as the Piopcitios and Uses 
of Plants are concerned, they will be paiticulaily loferied to in 
this work under the head of Systematic Botany. 
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MOBPHOLOGIGAL BOTANY. 


CHAPTBB I 

GENERAL MORPHOLOGY OF THE PLANT 

The simplest jilants, sticli as the Bed Snow (P) otococcus), or 
Glceoca^psa, consist of a single membranous sac, or cell as it is 
termed, which in foim is moie oi less spheiical oi oval In 
P) otococcus {fig. 1) the cells separate almost as soon as formed, 
while m Gloeocapsa they remain boimd together by an enviion- 
ing capsule of gelatinous matter, formed from the cell- wall, for 
a longer or shorter period In plants immediately above these 

Fig- 2 

-I I- I TT:- 

Ftf/ 1 Several Red Snow plants (^P) otocoeuis (^Palmell'i) nival\s\ magmflcd 
Fig 2 Two plants ot O'^c^latoiia ^piialib 

in point of complexity we find the cells still all alilre, but instead 
of being separated and each forming a distinct plant, they aie 
loined end to end and form a inany-eelled filament which is 
either straight or variously curved, as in Oaoillatoyia {fig. 2), 
All these plants — so far at least as is known — multiply by 
division of their cells only , but a little higher in the scale we 
meet with plants in which ceitain of their cells perfoim the 
function of nutrition, while others are set apart for the purpose 
of reproduction. Thus, in the Moulds, such as Mttcor {fig. 3), 
or PcmciUmm {fig 4), the cells which serve as organs of iiutii- 
•tion are elongated simple or branched filaments, termed 

b2 
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Fig 3 


Fig 4 


whicli he upon the surface of the substance furnishing the 
plants with food , while those destined to reproduce the indivi- 
dual are developed in 
globular cavities (spo- 
rang'ho)^ as m Mucor 
{fig, 3), or aie ai- 
rangedin necMace-like 
branches at the end of 
special filaments, as in 
JPemcillttmi {fig 4) 

Yet a little higher 
in the scale of vegetable 
life w e find the cells so 
combined as to form 
leaf-hke expansions 
{fig 5), or solid axes 
{/^^ 6), as well as 

special oigans of re- 
production (fig> 5, tf f). 

But these cells are all 




Fig 5 


3 A species* of Mould (J/tico/"), with, blanched 
mycelinm (Ai/jo/irtZ tissiie oi JiypJias) below, from 
wbicli two btalks aie seen to aii&e, each of which 
IS terminated by a sac ( 9 ^ 0 ? angmm or abctis\ from 
which a number of minute bodies (>tpo7e<i) are 

escaping Fig 4 Another Mould {PemuUium 

g7mitum\ with blanched mycelium (Jiyphal 

and a stalk bearing seveial lows of cells 
which aiG the spoies (conifhn) 



F7g 6 Thallus oi thallomc of 
the common Bladdoi Seaweed 
{Fum^ vesictiXosus) f, t The 
fructification ©, v Bladdeis of 

fill 


Fig G 



Fig 6 The common Mushroom (Agm7cu9 
tampe7t}77) TJiere are thiec receptacles 
(./> uetitieeihoii), arising fiom the m\cehnm, 
my^ below one young and neaily globular, 
and two mntuie. a. Pilens h Lamellc^^ 
t Annulus 
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more or less alike, so that no true distinction can be drawn 
between the often very difterent-looking parts we meet with in 
such plants as a seaweed or a mushioom Such a combination 
'oi ^similar cells, whatevei the piecise form may be, which 
presents no differentiation of leaf and stem, is called a tliallus 
01 tliallome, and every thallus-produeing plant is therefore 
termed a Tliallophyte Under the head of Thalloph;5'tes we 
comprise all those simplei forms of iilants which are commonly 
known as Alg£e and Fungi 

Again, as all Thallophytes aie composed of cells which 
approach more or less closely to the spherical or oval form, or if 



Fu; 7 A poition of tlio flat fballuslike stem ot Ma chaniia poh/mm pha^ 

sliowing T.11 antlieridial leceptacle, 7, suppoited ou a stalk, 5 Fig 8 

Jungei mmmin hidentata The stem is creeping, and hears numerous 
small imbi mated leaves 


elongated are thin-walled and commonly flexible, they are also 
teimed Cell ala} Plants^ in contiadistinotion to those above 
them in order of development, which aie called Vascular Plants ^ 
on aceomit of their commonly possessing, in addition to these 
cells, which are teimed pat cncliymatotvs^ elongated generally 
thick- walled cells, called 2^^ ose 7 ic 7 u/ 7 naiom cells 01 fibres ; and 
also, in most cases, excei)t m the intermediate orders of Liver- 
worts and Mosses, variously foimed tubular organs which are 
known under the name of vessels 

From the Th?blloj)hytes, by various intermediate stages, 
through an order of plants called Liverworts, we arrive at an- 
other group — ^the Mosses. In the lower forms of the Liyer worts, 
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eg Ma'tclianUa {fig 7), we ha\e a gieen flat tliallus-like stem 
beaiing upon its imder-smfaee scale-like appendages, the first 


Fig 9 Fig 10 Fig 11 



Fiq 9 Plant of the Ila-u moss communo)^ A\ith leaves, 

btem, and spoiogonitim Fig 10 Plant of the same, mth stem and 

]ea\es, and teimxnated hy the male oxf?ans i^antJiendia^ Ftq 11 An- 

thoiidinm, of the Haii-inobs iFolyttichum')^ containing a numhei of 
cells, c, in each ol which theie is a single (nith£) oztnd p Pm 

surioniiding the antlieinhuni F,g 12 The common 01ub-inos«i (/.y- 

eopodium aaiatum)- Fig 13 Teiminatiou of fertile biancli of the 

Groat Water Hoisetail (^Egnisetum nutrimmn) 


representatives of true leaves. In the highei foims, as Jimgcr- 
mamiia ^{fig 8), the stems and leaves aie both nioio Inghly 
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developed In the Mosses, e g. Tohjti ichiim {figs 9 and 10 ), 
the stems often contain elongated cells, which aie to a certain 
extent thickened, and dififer little from the tiue wood- cells met 
VI^ii“in the more highly developed plants Coir elated ^\ith 

this greater development of the oigaiis 
of nutrition we find the lepioductne Pig 14 

apparatus similarly advanced m com- 
ple\ity of structure, as will be here- 
after described 

The Liverworts and Mosses are, 
however, destitute of vessels, such as 
exist in the next and all the higher 
groups of plants Their roots are %ery 
rudimentary 

Still ascending, we find in the Ferns 
{fig 14), Horsetails (fig 13), Pepper- 
woi ts, Glub^mosses {fig 12), and Sela- 
ginellas, a continued advancement in 
complexity of structure , vessels of dif- 
ferent kinds make their appearance for 
the first time, and the stems are fte- 
quently of considerable bizg and height 
Calav^^ie8, an order of plants nearly 
allied to the Horsetails, which were 
extremely abundant during the forma- 
tion of oui coal measures, would appeal 
to have reached the height of om loftiest 
trees , while at the present day in the 
tropics and waimer parts of the earth 
Ferns will frequently attain the height 
of twenty feet (fig 15), and sometimes 
even as much as forty feet, bearmg on 
their summit a laige tuft of leaves, oi, 
as they are commonly called, ftonds, 
a teim applied to leaves which, like 
those of Feins, bear then fructification 
01 organs of reproduction. In these 14 The Hiie Pem 

plants the roots are generally biokou {A^piatum 
up into numerous small fibies and 

never become enlarged as in the tap-roots {fig* 30, ->) of the 
higher flowering plants. 

In all the plants above mentioned wo have no ovidont 
flowers, as in the higher plants , hence they have been called 
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Cl yptogams or Floiveiless Plants 
tensed by not piodncmg the special 



Fig 16 A Tiee-fern, showing a tuft of leaves 
(/? onds) at the apes: of a cylindiical btcm, 
■winch IS enlarged at itss bas,©, ?a, by the 
development of a mass of aenal adven- 
titious loots 


They are especiallj’^ charac- 
structures known as seeds 

All plants above the 
Ciyptogams, hozn "pLfg? 
sessing evident floweis, 
are termed Phaneroga- 
mous^ Phanerogams, or 
Flower%ng Plants. These 
latter plants aie maiked 
off from all the lower 
forms by bearing seeds. 

The Phanerogams also 
present two well-marked 
divisions, called lespec- 
tively the Ang%osg)ernvia 
and Gymnos;perm%a : the 
former including those 
plants in which the seeds 
origmate in a case called 
an ovary {fig 398, o, o) , 
and the latter, such 
plants as the Fii and 
Larch, in which they do 
not In the Phanero- 
gams we have the highest 
and most perfect forms 
of plants 

A survey of the forms 
presented by the various 
plants constituting the 
vegetation of the globe 
shows us thus an extra- 
ordinary vaiioty m e-^- 
temal shape, m actual 
dimensions, and in pocu 
liarities of mtoinal stiuc- 
ture. The simplest with 
which we are familiar 
exhibit only a loundish 
or ovoid body, with no 


differentiation of i)arts, 
consisting only of a minute mass of living substance, or pro- 
toplasm, which may or may not be surrounded by a definite 
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limiting membrane or cell-wall. Each plant is said to consist 
of a single cell. Generally, howevei, with laiger size we find 
the livmg substance divided up by numerous partition walls 
Uito a number of cells. These aie, m some cases, arianged 
in strings or filaments ; in others they form flat plates , m yet 
others they constitute masses of great size and much- divided 
shape The plant body, in the latter case, is evidently segmented 
into paits, which are spoken of as its memheis. 

The study of the life history of most plants shows us fuither 
that each may have diffeient forms at different periods of its life. 
In the lower plants this polyinorphy^ as it is called, is very 
vaiied, but as the organism studied is higher m the scale, it is 
found there is a tendency to assume only two forms, which recur 
in constant alternation with each other. Each is charaeteiised 
by producing special forms of reproductive organs, and bears a 
name indicating their nature. In one of them the plant body is 
found to carry out the process of reproduction by certain cells 
which are known as es or gon^d^a, These are asexual repro- 
ductive cells, that is, each is capable by itself of producing anew 
individual This form is therefore known as the sjooropJiyte^ oi 
spore-bearmg generation. The other form pioduces sexual 
organs, which give rise to reproductive cells of two kinds, neither 
of which can by itself give use to a new oigamsm, but after a 
process of fusion of two of them, the resulting cell can originate 
such a development In some plants these sexual cells are 
apparently all alike, but in most they differ in shape, size, 
power of motion, &c "Wliether similai or dissimilar they are 
known as gametes^ and the phase of the plant which bears them 
IS called the garnet opliyte. In many plants the spoiophyte pio- 
duces two kinds of spore, each of which gi\ es rise to a special 
form of gametophyte In such cases the two kinds of spore 
differ very greatly in size In all the higher plants the two forms 
regularly alternate, the sexual cells of the gametophyte giving 
rise to tho sporophyte, and the spoies of the lattei repioducing 
the gametophyte — the life history of the plant so exhibitnig 
what IS known as an alteinaHon of generations In the lower 
foims, among the Algae and Fimgi, the sequence of alternation 
is not regulai The gametophyte, m many cases, itself bears 
spores as well as gametes, and many spore-bearmg genera- 
tions often follow each other before a sexually produced form 
recurs 

Of the two forms described, the gametophyte is usually the 
more prominent among the lower plants In the Liver’^orts and 
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Mosses tile two are almost eq^ual in degree of development Tlie 
gametoph\ te is the so-called moss plant, and may be eithei an 
almost flat gieen plate iiiegularly branched, oi an axis fiiinished 
with niimeroiis leaves The sporophyte consists of a swoUOT 
head oi capsule, suppoited on a stalk of varied length, and re- 
maimng attached bo the gametophyte It foims the body which 
IS often somewhat loosely spoken of as the fiuit. 

Above the Mosses the tendency is to gi eater development of 
the spoiophyte and retrogression of the gametophyte. In the 
Ferns and the higher Cryptogams the plant known under the 
ordinary name of Fetn^Hojsetazl, or Club-moss is the spoiophyte, 
and the gametophyte is a small stiucture, foiming only a plate 
of cells, or a small tuber-like mass, showing ]ittle or no seg- 
mentation of its body In the flowering iilants the retiogiession 
of the gametophyte is still more maiked, it being composed 
either of a long tubular stiucture, or of a few cells enclosed in 
the cavity of the spore 

Usually the cell produced by the fusion of the gametes gives 
rise to the new individual while still attached to the gameto- 
phyte, so that the sporophyte appears to sprmg out of the latter 
The spores, on the other hand, of whatever kind they may be, 
are generally set free ftom the sporophyte, so that the gameto- 
phyte appears as an independent structure A marked exception 
to this rule occurs inr the case of the floweiing plants These 
produce two kmds of spore the smaller ones aie set free and 
give use to the gametophyte which bears the male gamete , the 
larger ones remain always attached to the spoiophyte, pi oducmg 
their appropriate gametophyte m their interior, and ultimately 
leadmg to the formation of a special structure called the seed 

The body of the plant, whether gametophyte or sporoiihyte, 
may show various degiees of complexity of form. It may bo 
evidently divisible into parts, or member s^ which may be all 
alike, or may be dissimilar, oi, again, ib may show no such 
segmentation In the latter case the plant body is called a 
tliallus, and the plant whose most prominent form is of this 
desciiption is said to be a Thallo^hyie In the great maiority 
of cases the body consists of two dissimilar members, charac- 
terised by growth m opposite directions , these aio then called 
the root and the shoot Both of these generally exhibit ap- 
pendages sprmging from the mam body , but while those of the 
root aie like the member from which they arise, those of the 
shoot may be of two kinds, some like, others unlike, that on 
winch they aie borne. Those which aie like it aie known as 
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hycmches^ those unlike it, leaves. We can thus distinguish be- 
tween ihallo%d shoots and leafy shoots, according as branches 
only, or blanches and leaves, can be recognised in the shoot. 
Eoots almost always bear branches only, 3ea%^es occuiring on them 
only undei very excexitional circumstances A further difference 
between the root and the shoot consists m the fact that the latter 
always bears the tiue repioductive organs. The part of the shoot 
which gives rise to the appendages is termed the stem^ and the 
stem and mam root together constitute the axis of the plant- 

Plants which show such a diffeientiation of their piominent 
form are called Cormo^liyies This prominent foim is in most 
cases the sporoph^ te, and the distmction between the two parts of 
its axis can be seen frequently from the very commencement of its 
development The fertilised gamete, usually called the oospore, 
IS first divided by a cell-wall, known as the hasaZ wall, into 
two segments, of which the upper one, or ej^%basal cell, develops 
the shoot, and the lower, or Jiy^obasal one, ultimately gives use 
wholly or i^artially to the I'oot The piimaiy loot and the 
primal y stem are thus always opposite to each other 

The relative development of root and shoot may vary very 
greatly In most of the lower forms the root is frequently of 
very small size and veiy simple struetuie In the gieat group 
of Algse 01 Seaweeds, in which the gametophyte is the promi- 
nent form, it is nevei very gieatly developed, though the sb-oot 
of the same plant may attain large dimensions. In some of 
the filamentous floating forms it is often only indicated by a 
smgle cell at the end of the filament, and this has only a very 
shoit duration In the Fungi, though still of the simplest stiuc- 
tuie, it is often lelatnely largei than the shoot, which then con- 
sists of only a few filaments which bear the leproductive organs. 
In the spoiopliyfee of the Inglior cormophytes both root and 
shoot aro well developed and much branched, the shoot being 
still relatively the greater 

The shoot usually shows much greatei differentiation than 
the root Its axis, the stem, gives rise to branches and to 
leaves The brandies m turn may give ongm to othei branches, 
and these to others, thus forming an elaborate biaiicli system. 
Each branch, like the mam stem, also pioduces leaves The 
leaves, on the other hand, do not bear appendages like themselves. 

In the higher cormoiihytes, in which the spoiophyte is the 
prominent form, it produces special shoots for the purpose of 
hearing the reproductive cells or spores Usually these colls 
are borne on special leaves, which are then called ojjhylls 
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Sometimes these spoiophylls very closely resemble the ordinary 
leaves, as in many Feins , sometimes they diffei from them very 
maikedly m appeal ance and structure The special shoot of 
which they are the leaves is then known as the flowe't , and the 
blanch s^-stem constituted by the flowers is called the ^7yfio- 
7 escence or 8 po 7 oj^hore. In most cases this is sharply iiiaiked off 
from the general branch system. The flowers have usually, 
besides the spoiophylls proper, ceitain other external leaves 
which do not themselves bear spores 

In the lower plants when the spores have become niatuie 
they are detached flomthe parent plant and germinate indepen- 
dently, giving use to a separate gametophyte In the flowering 
plants, where the spores aie of two sizes, it is only the 7nicro- 
spores 01 pollen^g7 avns which are so dispersed. The 7ncbC7'ospoT6^ 
or 67nhryo-sa,c, germinates in the 8po7a7ig7umi or ovule, and 
bears its peculiar form of gametophyte within itself. By certam 
appropiiate mechanisms the gametophyte arising fl*om the 
pollen giam is brought into relation with that developed fiom tlie 
embryo sac, and the gametes &om the two unite as in other 
cases to foim an oospore This fusion, the fertilisation of the 
oosphere or female gamete, is followed geneially by a certain 
development of the neighbouiing parts Even when the 
garnet ophy fees aie developed apart fiom the spoiophyte, the act 
of fertilisation is often attended with the same result The body 
thus pioduced is known as the f7U%t In the latter cases the 
fruit IS altosrether a development of the gametophyte , in the 
former, the iiarts which form it are derived from the sporophyte , 
to which the gametophyte remains attached. Thus m the 
flowering plants, the fruit is developed usually from the central 
portion of the flower. 

The facts that the maciospore, or embiyo-sac. always remains 
in the sporangium, or ovule, and that the gametophyte derived 
fiom it never has an independent existence, lead to the produc- 
tion of another structure, found at matuiity usually within the 
fruit, and known as the seed When the gametophyte has been 
developed it contains noiinally one sexual cell or gamete, known 
as the oosphere. This is fertilised by?- the male gamete Avhile the 
whole gametophyte is still m the interior of the sporangium, and 
the oospoie resulting flom such fertilisation germinates at once, 
starting the growth of the new sporophyte This growth takes 
place at first withm the sporangium, and proceeds for a longer 
or shorter period till the form of the new spoioiihyto is clearly 
indicated jn its parts Tlien the growth temporarily stops, and 
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the sporangiTim with its contents becomes sepaiable fioni the 
sporophyte. The sporangium or ovule has now become the 
seed^ a structure which, fiom the peculiarities of development 
indicated, is confined to the flowering plants. It contains the 
new sporophyte, known as the emhryo, besides enclosing the 
lemains of the gametophyte which ga\e rise to the lattei, and 
which may or may not constitute the greater part of the 
structuie 

Aftei the seed has been detached fiom the sporophyte it 
remains quiescent for a variable time, but as soon as conditions 
are favourable the temporarily suspended development is re- 
sumed, and the new sporophyte soon attains an independent 
existence. 

The formation of the seed is thus a special feature of those 
plants m which the macrospore does not become detached from 
the sporophyte, but develops %n B%iiu This important pecuharity 
maiks off the large class of Phanerogams or flowering plants 
from those below them m the scale of de\elopment In the 
lattei, known as the Ciyptogams, the spores are always detached 
from the spoioph\te, and therefoie seeds are not produced upon 
the latter The gametophyte phase of the ifiant, howevei, is 
none the less constant or important in the formei gioup, though 
it IS rudmientary in the degiee of its develoi)ment. 

The sporophyte of the higher plants thus piesents us with a 
series of members In it we may distinguish the loot and the 
shoot , the latter including vaiious forms of blanches and dif- 
ferent kinds of leases The most important members aie the 
stem, the vegetative blanches, the mfloiescence, and thefloweis ; 
the leaves, some foliage leaves^ otheis s^orojpliylls ; lastly the 
fiuit and seed 

The gametophyiie is seen at its best in the lower forms. 
Here it may show root, stem, and leaf ; it may be only a thallus 
or ajthalloxd shoot , above the Mosses it is gradually and pio- 
gressively reduced, being never more than a thallus above this 
pomt, and gradually becoming less and less iirominent, till at 
last it consists of only a few cells in the inter loi of the 
macrospore. 

The several members of the plant may now be considered 
in greater detail separately, the morphology of the special 
reproductive members being deferred to a succeeding chapter. 
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Thallophytes. 

The Thallus 

The thallus may consist of a single cell, oi may be composed 
of many cells. It shows scarcely any distinction of paits or 
segmentation, and but little diffeientiation of its internal tissues 
When comxiosed of moie than one cell it may be a filament oi 
a collection of filaments, oi a flat plate often only one cell thick, 
or a mass of some size. In the last two cases it may bear a 
number of hairs from any pait of its surface In some cases, as 
in Volvox^ it IS a spherical body capable of active movement 
earned out by special filaments or cilia, winch move rapidly to 
and fio in the watei in which the plant lives It may be 
branched, eertam branches being like the mam body, and others 
specially modified to produce the reproductive organs 

The thallus is seen best in the lowest forms, where generally 
the whole plant body is of this description. It is the prominent 
form in most Fungi and Algae , is that of the gainetophyte of 
the Ferns and most other vascular Cr;yptogains and of the 
Floweimg Plants The spoiophyte is less fcequontly a thallus, 
but this is the case in ceitain of the Algse and a few exceptional 
cases in the Phanerogams, e g Wol-ffia a) Loj^hogijne^ etc, 

COEMOPHYTES. 

For many reasons it is most advantageous to commence the 
study of the morphology of eoimophytic plants with the most 
highly differentiated forms. These are to be met with m the gi eat 
group of the Phanerogams, and in particular in the section known 
as the Angiospeims, to which all our ordinary plants with con- 
spicuous flowers belong The prominent form m these, as wo 
have seen, is the sporophyte. 

If we examine the seed of one of these, e g that of the 
common Pea, we find it contams the embryo or young plant in a 
rudimentary form This embryo is shown m -ftg 16 It consists 
of a distmct central axis, which is sometimes called the 
tiqellum^ the lower jiart of which is known as the raihclc, } , 
the uxiper part, which bears two or three rudimentary loaves, is 
known as the j)lu7mile, n This axis is imited to, or boars, 
two fleshy masses, or lobes, which arc its leaves or cotglecfons, c. 
The pait below the cotyledons is sometimes called the hypo- 
cotyJedonaiy portion or hgjpocotgt, and that above them the 
epicotyledonary part or e^%cotyl Plants, like the Pea, which 
bear two cotyledons, are grouped together to form a great class'' 
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known as the Dzcotyledons Other embryos are found m some 
seeds which possess only one cotyledon. Such are the embryos 
of Grasses {fig 17) 


These plants form 
anothei great group 
known as the Mono- 
cotijledoyis 

"When such a 
seed as the Pea is 
placed under favour- 
able conditions, its 
embryo begins at 
once to develop, the 
radicle growing m a 
downwrard direction, 
while the plumule 
extends itself u in- 
wards We thus 


Fig 16 


Fig 



Fig 16 Dicot\leflonous embijo 
of the Pea, Jawl open ('magni- 
fied') > The ladicle t The 
axis {ttgeVum)^ teiminated by 
the plumule, n r, c The cot;^ - 

ledons Fig 17 Section of 

the fiuit of the Oat < Coty- 
ledon g Plumule t Ratlicle 




Fig 18 Apex of a root of Buckwheat a Growing point h Boot-cap 


can distinguish between the two parts of the axis according to 
the direction of their growth. From the lower portion is formed 
the root system, from the upper portion the shoot, consisting of 
the stem and its appendages 
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{Section I. — ^The Root. 


The root is seen thus to be the descending as^is of the plant 
It usually attaches the plant to the substiatum on which it glows 
and absorbs nutriment therefirom. It presents ceitain features 
which distinguish it at once fiom the stem , as we ha've seen, 
though it may bianch repeatedly, it only bears such appendages 
as are like itself; it never bears true leproductive organs, and 
only under exceptional circumstances does it give rise to leafy 
shoots or leaves. It has also other peculiarities of structure ; 
its growth takes place by increase of its substance immediately 


Fig 19. 



Fig 19 Young plant of Lemua 
XjDutk weeti') ? Hoot cap 


Fig 20, 



Fig 20 Ultimate bitUiolie'=i ot 
a root, allowing position ol 
root-liairs 


belimd its apex, so that the growing part (a, fig 18) is alwa;^ s 
interi^lj and protected by a tKin cushion or cap of tissue known 
as thej ooUcap fig 18 , r, fig 19) In those roots >vlnch grow 
in ordinary soil, the root is furnished, a little way behind tho 
apex, with a number of very delicate outgiowths from the surface, 
which penetrate into the cie vices between the particles of the 
soil, and come into verv close relationship with them These 
structures are known as the root-Jtairs, They are not distnbiitod 
over the whole surface, but only occupy a small space not far 
behind the glowing part {fig, 20). 

The direct piolongation of the radicle downwards forms what 
is known as the j^j%mary loot This may grow' to a great size," 
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peisistmg thiough the life of the plant It is usually tapering 
m form, and beais numbers of branches, which themselves 
may bianch repeatedly and so give rise to a large loot -system. 
When the primary loot is thus persistent and stronger than its 
branches, it forms what is known as a tajp-^oot. On the other 
hand, it is not unusual for the primary loot to develop only 
to a slight extent, and to be speedily surpassed m vigour by its 
branches. 

The blanches of the primary root, like the latter, always 
have their apices coveied by a loot-cap. They arise, with very 
few exceptions, within the tissues of the primary root, and m 


Fig 21 





their growth boie their way outwards through its external 
layers They arc known as scoonda ru roots, and they in turn 
produce roots, and so on***1!n their order of development 

each hr Sich ifermally arises neaier to the apex than the one 
befoie 3t, so that the youngest is always the neaiest to the tip 
This mode of oiigm is known as aoo^eial siiccesszooi It is not 
confined to loots, but is a feature of branching in general 

Occasionally, however, roots arise out of their proper succes - 
Sion Such are known as adve7iUt%ous loots Exam^des may 
be seen in the roots pioduced uxion the stems of the Ivy and 
other plants, by which they are enabled to attach themselves to 
the surfaces over which they aie climbing Very freciuently 
VOL. I, *0 



18 


MANUAL OF BOTANY 


roots of tkis description are developed ftom injtired surfaces, as 
in the case of those plants which are propagated by means of< 
cuttings When a young twig of a Geiamumis severed fiom the 
stem and its cut end embedded in moist soil, it shortly puts out^ 
these adventitious roots from the cut siuface and develops into 
a new Geranium plant. Adventitious loots can also be made to 
aiise ftom leases, as in the case of some siiecies of Begonia 
and of Biyojphyllujn In many othei plants aerial loots be- 
longing to this class are gi\ en of^ by the stem or branches, which 
descend to the giound, and, fixmg themselves there, not only 
act as mechanical supports, hiit assist the tiue loot in obtain- 
ing food. Such roots aie well seen in the Banyan or Indian 

Fig-tree {fig 21), and 
Fig 22 m the Mangi o^ e 


{fia 22 ) 

Forms of Roots — 
The chief modifications 
of the forms of the root 
depend upon whether 
oi no the i)rmiar> 
loot persists, and is al- 
ways stionger than its 
branches , oi whether 
it IS but little doveloiied 
and soon surpassed in 
vigour bA the latter In 
the former case we ha\ o 
the tap -1 oot and its 
modifications, the chief 
of which are the coni- 
Fig 22 The Man gxo-s e- tree ophoia Jlungle) CCll, the fusifo't 711^ and 

the nap^f 07*7)1 roots. 

Comoal Boot — When a taji-ioot is broad at its base, and 
tapers towards the apex, it is termed conical The roots of 
Monkshood {Acoiixtum 'NapelluB)^ Paismp {l?aBi%7\aca miiva)^ 
and Carrot {Dauciia Ca7oia) {fig 25) are familiar examples of 
this form of root Btt8%foT77i Boot. — This term is apiiliod to a 
tap -1 oot which swells out a little below*- its base, and then tapers 
upwards and downwards {fig 28) The common Radish, and 
Beet {Beta milgaT%s)^ may be taken as examples Nap%for77i 
Boo i — This name is given to a root which is much swollen at 
its base, and tapeis belo-w nto a long point, the upper part being 
of a somewhat globular form {fig. 24) It occurs in a variety 
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of the comiiion Badish (-^hich is hence called the Turnip- 
► radish), in the common Turnip, and in some othei i^lants 

In the cases wheie there is no permanent xmmary or tap-ioot 
we have othei forms caused by modifications of the secondaiy 
roots. When a root divides at once into a mimbei of slender 
blanches oi rootlets, oi if the pimiaiy loot is but little enlarged, 
and gives off from its sides a multitude of similai blanches, it is 
called fih'tous Such lOots occur frequently m annual plants, 
and maybe well seen m annual Grasses {Jig 30), and in bulbous 


Fig. 23 


Fig 24 


Fig 25 




JTig 23 Fusifoi m loot of tli e common 

Radibli ( Hap7ian u n ivu s ) 

Fig 24 Napiloim root of tlie Tlti- 

iiip {Btassua Fupa) Fig 25 

Conical root of the Oai rot (^Bauciu 
Cat of*0 



plants Tuhei cilia) Hoot — When some of the divisions of a root 
become enlarged so as to foim more oi less lounded, oval, oi 
ovoid expansions {fig 26), the loot is said to be tube? dilated, or 
tube? czcla? ^ and each enlaigement is called a titbeicule. Such a 
root occurs in various teirestrial Oichids, the Jalap plant, &c. 
These tuberculcs should not be confounded with tubers (page 44), 
which aie subteiraneaii modifications of the stem The presence 
of buds on the latter at once distinguishes them In many Orchids 
(as, for instance, Orclna maculata) the tubercules are divided at 
their extremities, so that the whole somewhat resembles the 

* c a 
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human hand 27) ; they are then said to be palmated^ and 
the root is also thus termed Or when a number of tuberciileSf^ 
arise from a common point, as m the Dahlia 28), and 

Fig 26 Fig 27 



Fig 26 Ttibeic-ular loots of an Oroliis Fig 27 Palinated tnbercules of 

an Oicliis 

Fig 28 Fig 29. 



Fig 28 Fasciculated loots of the Dahlia^ /''it/ 30 IfodiUose root of the 

common Diopwort {Sjpiiocft FihpontlnJa) 

Bird’s-nest Orchis (Neciha N%dus-avi8)^ the root is said to be 
fasciculated or tufted. 

When the branches of a root are expanded only at cortaili 
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points, other terms ai*e applied. Thus when the branches are 
^enlarged irregularly towards the ends, as m the common Drop 
wort, the root is nodulose {fig, 29) , when the branches have 
•alternate contractions and expansions, so as to present a beaded 
appearance, as in I^elargomiim ii iste^ the root is jnomliform, 
necklace-shaded^ or headed {fig. 31) , and when the loot has a 
number of iing-like expansions on its surface, as m Ipecacuanha, 
it is annulaied \^fig 32). 


Fia 30. Fie 32 



As to their duiation, roots may be divided into annual, 
h%enmal, ox perenmal. 

1 Annual Boots . — These are produced by plants which giow 
from seed, flower, and die the same year in which they aie 
developed In such plants the roots are always of small size, 
and either all spring from a common iioint as in annual Glasses 
{fig, 30), or the primary root is small, and gives off fiom its sides 
« number of small branches. Such plants, in the i)i’ 0 cess of 
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fioweiing and ripening their fimts and seeds, exhaust all the 
nntiiment they contain, and perish. 

2. IB%en 7 i%al Roots — These aie pioduced by plants which 
spring fi:om seed one year, but which do not flower and ripeir 
their seeds till the second yeai, when they perish Such loots 
are commonly enlaiged m various wa^'s at the close of the fiist 
season, m consequence of then’ tissues becoming goiged with 
niiti itious matt ei s st oi ed up for the support of the plant during its 
flowering and fiuitmg the succeeding season The Carrot ( fig 25) 
and Tuinip ( iiq 24) affoid us good examples of biennial loots 

3 Pciennial Roots — These are the roots of plants which live 
for many 5 ’eais, In some such plants as the Dalilia {fig 28), 
and Orchis {figs 26 and 27), the roots are the only portions 



Fig 33 OioliKlaceous ijlants, to show then mode of giowtli a, a Aeiial 
loots &, Pseudohulbs 

of the plant which are thus perennial, their stems dying down 
to the giound yearly Peiennial roots aie either of woody 
consistence, oi more or less fleshy, like those of biennial ])lant« 
111 the case of fleshy loots such as the Dahlia and Orchis, the in- 
dividual loots aie not in thouisehes peiennial, but usually polish 
annually, but befoie doing so, they pi oducc other roots front some 
point 01 points ol their substance , hence, while the root as a whole 
IS xieienmal, any paiticular portion may perish Woody roots 
aie commonly iierenmal m themselves, and are not leno'wod. 

Ceitam itoculiarities are shown by the roots of xilants winch 
do not grow m the soil Those whieli are to be met with m water 
are usually long, unbianchod, somewhat fleshy or succulent, and 
de^old of haiis They may bo denominated aquatic roots. Tw^) 
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other classes of plants also show modifications which depend upon 
their peculiar mode of life. These are ei^vpliytes and 

Roots of JEl^pzjplvytes or Avr-jflants — In these plants special 
aerial roots are produced (fig. 33, a, «), and as these never 
reach the soil they cannot obtain any food fiom it, but must 
draw their food entirely from the an' in which they are developed , 
hence the name of avi -jplants which is applied to them They 
aie also called epzphytes, because they commonly grow upon 
other plants They have frequently also small roots of the 
ordinary fcype, which penetrate mto cracks or cranmes in the 
bark of the supporting plant, from which they absorb small 
quantities of food from the debris which accumulates there. 


Fig. 34, 



Most Orchids (fig. 33) and TiUandsias afford us illustrations 
of epiphytic plants. The aerial roots of such plants aie fre- 
quently gieen and serve as organs of assimilation The aerial 
roots of Orchids have also a layer of usually very delicate fibrous 
cells placed over the true epidermis, to which the name of ?oot- 
slieath (velmtien radiciom) has been applied by Schleiden, who 
also calls such roots coated 9 oots. 

Roots of Pa7asite8 — These are plants which not only grow 
upon others, but which, instead of sending their roots mto the 
air and deriving their food from it, as is the ease with the epi- 
phytes, send them into the tissues of the plants upon winch 
they grow, and obtain nutriment from them The plant which 
they thus penetrate and feed upon is termed their host , and 
their sucking roots are termed Jiazostoi la. The -Mistletoe 
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ijr%Bcuyn alburn)^ Broom-rapes (Orohanche)^ Dodders {Cuscuia) 
\fig 34), and B,affleB%a Arnoldt (fig 85) ^ may be cited as examples 
of such plants These parasites are of vaiioiis natures thus, 
some have green foliage, as the Mistletoe , while many otheis 
are pale or brownish or possess other tints than green, as the 
Broom -1 apes and Bafflesia The latter plant is especially intei - 
estmg liom its producing the laigest flowers of any known 
plant thus the fiist flower which was diseoveied measured nine 
feet m cncumference, and weighed fifteen pounds 

Parasitic plants also i ary m the degree of their parasitism , 
thus the Mistletoe and the greater number of parasites are, so 
far as their roots are concerned, entirely dependent upon the 
plants on which they grow for their food. Others obtain their 
food at first, like other plants, by means of the ordinary roots 
contained in the soil , but after having arrived at a certain age, 
these perish, and they then derive their food entirely from roots 
which penetrate the plants upon which they grow, others, 
again, continue thioughout their life to deiive a poition of their 
food by means of roots imbedded m the soil. 

It will thus be seen that parasites differ from other plants in 
the fact that they do not live like them entirely on inorganic 
matters, but derive at least some of their food m an assimilated 
state from the plants on which they grow. Thus, when green, 
like the Mistletoe, they obtam a portion of their food like 
ordinary plants, fiirom the air , but if of other colours than green, 
all their food is derived by then loots from the plants on which 
they grow It must also necessarily hap]ien that iiaiasites, by 
living partially or entirely upon those plants on which they are 
placed, frequently injure, and even destroy them, and m this 
way great damage is done to Clover, Flax, and other ciops m 
this country and elsewhere. 

Besides the paiasites just described, there is also another 
class of plants called sa]?^ which, whilst agiecing with 

parasites in deriving their food fi'om already formed oiganic 
material, differ from this latter class m growing on dead organic 
substances, and theiefore assimilating such matter aw is in a 
state of decomposition or decay. Buch plants as Moyiniropa 
'Hypopvthys^ CorallorJizna %nnata^ Bp%pogiHm and 

NeotHa N'ldus-avis^ together with tlio gi cater number of Fungi, 
are examples of Saproph^ tes. 

In the iDlants which are low er m the scale than the vascular 
cryptogams, the roots are generally of a very simple typo. In 
all of them the root may be described as the descending axis of^ 



GENEBAL MOEPHOLOGY OP THE PLANT 25 


the plant, as its growth is always in the opposite direction to 
that of the shoot. It may be extremely rudimentaiy, as in some 
of the lowest of the Algae or Seaweeds, where it consists only 
of a smgle terminal cell, which soon perishes. In these lowly 
foims the loot generally is only recogmsable m the gameto- 
phyte It may be foimed of a mass of cells, sometimes 
tapermg and branched, and haidly distinguishable fiom the 
thalloid shoot from which it spiings; or it may be a longhair- 
like stiuetme, much lesembling the lOot hairs described as 
arising on the true loots of the spoiophyte of the higher forms. 

There are not wanting instances again of jilants which 
bear no primary root at all. Such 
are the gametophyte of the Mosses, the 
sporophyte of Salvxna and P8tlotio7)i 
among the vascular Ciyptogams, and 
of Uirteularia, and Corah 

lorli%za among fioweiing plants. The 
functions of the root are in these eases 
discharged by modifications of other 
membeis of the plant body, or by adven- 
titious roots developed after the stem 
and leaves have been diffeientiated. 

Section II. — The Shoot. 

A, The Stem. 

The stem may be defined as that 
part of the axis which at its fiist de- 
velopment in the embiyo takes an 
opposite direction to the root, seeking 
the light and air, and hence termed 
the ascending axis, and bearmg on its 
*surrkce~tiie leav!es*'*and other leafy ap- 
pendages {fiq 36, f). This definition will, m numerous instances, 
only strictly ap]ily to a stem at its eailiest development, for it 
frequently hapiiens that, soon after its first appeal anee, instead 
of continuing to take an upward direction into the air, it will 
grow along the ground, or even bury itself beneath the surface, 
and thus by withdrawing itself fiom the light and an it re- 
sembles, in such lespects, the root, with which such stems 
arc, therefore, sometimes confounded. In these cases, howevei, 
a stem is at once distinguished from a root by bearing seal es 
^r cataph^ llai^ leaves. The presence of leases is therefore the 


Fig 36 



mon Stock i . Tlie root 
\Mtli xts bianclies t Tlie 
stem /, / Leaves h, b 
Leaf-biirts 
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essential oliaracteiistic of a stem, m contradistinction to a root, 
fconi whicla such striietiires are noimally absent. 

The appendages of the stem arise as do those of the root m 
acropetal succession, but unlike the latter their places of oiigm 
are very definite. We can distingiush on a stem the ]points 
firom which they aiise, which are known as nodes {fig 38 c, c, c) 
Each node produces usually a leaf oi leaves, and in the axils 
ot the folmge leaves or the angle formed between the stem and 
leaf, a biancli or branches The branch in many cases is not 
developed fai, though it is always indicated. The spaces between 
the nodes, which aie always naked, are called ante't nodes 
{fig 38, d), Geneially the airangement of the tissue of the 

stem at the nodes is somewhat different from that m the intei - 
nodes , thus at a node it exhibits a more or less inteirupted 
appearance, which arises fi^om a portion of its fibro -vascular 
tissue being given off to enter into the structuie of the leaf. 
This appearance is most evident in those cases wdiere tlie 
internodes are clearly developed, and especially if under such 
circumstances the leaf or leaves which arise enciiclo the stem, 
as m the Bamboo and other Grasses , in such plants each leaf 
causes the formation of a haidened iing externally, and thus 
XDroduces the appearance of a jomt or articulation, and indeed, 
in some cases, the stem does easily seiiarate into distinct 
portions at these joints, as in the common Pink, in which case 
it is said to loQ jointed oi arHoulated 

At the apex of the main stem and of all its branches we find 
the surface covered ovei by the young leaves which, growing 
faster than the stem itself, roof it over and xuotect it Tlie 
of the stem is ne\er covered by a ca}! like that of the root. Tho 
growth of the stem in length is confined to the young mternodes, 
and while active foimation of tissue is pioceeding these icmain 
short, the nodes thus being compressed together. The leaves 
at first grow most strongly on their lower sides, and are thus 
enabled to arch over the stem The ariangcment of tho xiarts 
can be seen most easily when growth is % cry slow, or altogether 
suspended, as m the wintei, though the structure is tho same at 
all times. The aiiex of the stem with its covering of loa\ os is 
known as the hud It is usual to speak of tet minal and lateral 
buds, according to thoir position at the apex of the mam stem 
or in the axils of the leaves. In the latter case, Iiow'CNor, the 
buds aie the terminations of the branches and are therefore 
really terminal 

The buds of temperate and cold climates, which lemaiw: 
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dormant during tlie winter, and which are accoidingly exposed 
to all its rigouis, have generally certain protective organs de- 
veloped on their outer surface m the form of modified leaves 
^{cata^Tiyllary) ^ which are commonly called ^ These 

aie usually of a hardened texture, and are sometimes eo\ered 
with a xesmous secretion, as in the Horsechestnut and several 
species of Poplais , oi with a dens e coa ting of soft hairs or down, 
as in some "Willows Such scales, tlieiefoie, by interposing 
between the tendei rudimentary leaves of the bud and the aii a 
thick coating of matter which is a bad conductor of heat and 
insoluble in water, piotect them fi:om the influence of external 


Pig 37 Pig 38 Pig 39 



Fi(f *57 A alioot one veai old of the Hoisechestnnt, with fceinunal bud 
a Soar produced by the falling oft of the bud scales of the pievious year 
6 Seal & caused by the falling oflE of the petioles of the leaves of the 
piesent yeai, with buds, c, in their axils Fig 38 Diagram to illus- 

trate the gro^\th of the shoot tiom the bud c, c, c The nodes wheie the 

leaves aie situated d^d The iiitei nodes developed between them 

Fig Shoot of the Lilao {Syiinga vulgaii'i), showing suppiession of 
the teiminal bud, and two lateral buds in its place {falsie dichotomy) 

circumstances, by which they would be otherwise injured, or 
even destioyed Buds thus protected aie sometimes teimed 
seal}/ In tlie buds of tropical legions, and those of herbaceous 
plants growing in temperate climates which are not thus ex^iosed 
to the influence of a winter, such piotective oigans would be 
unnecessary, and aie accordingly absent, and hence all the 
leaves of these buds are of nearly the same charactei. Such 
buds are called naked. In a few instances we find even that 
the buds of perennial plants growing in cold climates, and 
which are exposed during the winter, are naked like those of 
tropical and herbaceous plants Such is the case, for instance. 
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with the Alder Buckthorn {liliajnnus Fiangula)^ and those of 
some species of V’%huTnum 

These protective organs of the bud aie commonly, as we 
have ]ust mentioned, teimed scales, but they have also reoel^ed 
the name of tegmenta That such scales are really only modihed 
leaves adapted for a sj)ecial puipose, is pro's ed not only by their 
position with legal d to the true leaves, but also from the gradual 
transitional states, which may be frequently traced fioin them 

Fig 40 Fig 41 




Fiq 40 Brancli of Oak w itii alternate leaves and leaf-buds in tlieii a^ils 

a Buds 5, & Leaves Ftq 41 Vertical bection through the end ol 

a twig of the Hoiseolie&tnut llippoLa^tanum\ before the burbting 

of the bud. Aftei Schleiden 


to the ordinary leaves of the bud. These scales have only a 
temporal y duration, fallmg off as soon as the growth of the bud 
commences in the spring. 

The bud thus contains all the elements of a stem or branch; 
in fact it IS really the first stage in the development of these 
parts, the axis being here so short that the rudimentary loaves 
are closely packed together, and thus overlap one another 
When growth commences in the spimg, or whenever vegetation 
IS reanimated, the mternodes between the leaves hocomo de- 
veloped {fig 38, tl, d, d), and these therefore become scpaiatod 
fi’om one another, e, c, c, and thus the stem or biancli incietisos 
in length, or a new branch is formed. In other w ords, the leaves, 
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which in a hud state overlap one another and suriound a grow- 
ing point or axis, by the elongation of the internodes of that 
axis become separated and dispeised over a branch or an elon- 
gation of the stem. 

It hequently hapjpens that many of the lateial buds never 
develop into blanches This is generally the case with those 
which aie produced in the axils of the lowei leaves of the twigs 
of most trees. Sometimes, though not developed at once, they 
retain foi yeais the power of giowmg into blanches These 
buds aie called do'^niant buds, and the branches ultimately 
aiismg fiom them are known as defeiied blanches When 
they appeal, they seem to be developed out of their piopei places, 
and make the branchmg appear veiy complicated. 

Branching — In the same way as branches are produced on 
the mam axis or stem, so m like manner from the axils of the 
leaves of these blanches othei buds and branches aie formed, 
these again w ill form a third series, to which will succeed a 
fourth, fifth, and so on The main divisions of the stem aie 
called a ncZ/es, while the smallei di\isions of these aie com- 
monly termed twxgs. The geneial arrangement and modifica- 
tions to which these aie liable aie commonly described undei 
the name of rarntficatiori or hrancli/ing ^ which mav be defined 
as the lateral development of 8zm%lar pm ts Thus the divisions 
of a stem or root aie branches; but the lateral develoimient 
from a stem or branch of leaves, or other d%88vm%lai parts, such 
as hairs, is not branching 

There are two principal types of branching, the lateral and 
the dichotomous. When the axis continues to develop m an 
upward direction by a terminal bud or growing point, and its 
branches are produced from smaller growing points oiigmatmg 
lateially on the mam one {fig. 40, a, a), the branching is called 
lateral This is, probably, the universal system of branching in 
Angiospeims, although there are some apparent exceptions 
But when the terminal bud or growing point hzfurcates^ and 
thus produces two shoots, which, at any rate at first, aie of 
equal stiength, so that the foot or pod%um bears two branches 
ai ranged in a forked manner {fig. 42), the branching is 
termed dichotomous. This foim is common in many of the 
Cryptogamia. 

In dichotomous branching we have again two forms one 
which IS tcimed true or normal d%cliotomnj,^ m which the two 
branches continue to develop equally m a forked manner — that 
is, each becomes the podium of a new dichotomy {fig 42) — and 
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a second, in which one hianeh glows much moie vigoiously than 
the othei, when it is called sym^po^aJ {fig 43, A and B), In 
this latter case, o^mg to the unequal giowth of the blanches, 
the podia of successn e bilui cations form an axis which is teimed 
the oi sympodhum, on which the weakei foik- 

branches or bifurcations appear as lateral blanches {fig 43, A, 
7 ,r, 0 , and B, ? , Z, 7 , ly 7 ) This branching might at hist sight 

be confounded with the lateral foim, m which we ha’ve a con- 
tinuous axis gn mg oft lateral branches , but it differs in the fact 
that here the ap^iaient primary axis consists of a succession of 
secondary axes 

Fig 42 Fig 43 



vidmff in succession lu ti s’lnilni wa\ 43 t)t sjinptjtlial 

dichotomous biancliiiiff a Bosti\coi(l oi Helicoid dichotomy £{ 
Oicmal 01 Scoipioid dichotomy In A, the lett-hand blanches, /, /, 7, ot 
successive dichotomies are much moie developed than the iiyrht, 

In B, the lett-hand branches, 7, 7, and those of the right-liaiul, i , / , are 
alternately moie vigorous m their giowth Alter Sachs 


111 syxnpodial blanching, again, the sympodiuni may bo either 
formed of the folk-branches ot the samo side (loft or right) of 
successive dichotomies {fig 43, A, Z, Z, Z) , or it may consist 
alternately of the left and light fork-branches or bifurcations 
{fig. 43, B, Z, r, Z, r). In the former case it is called hclivoul 
or hostyycovd d%choto77uj , m the lattei, scorptoid or cictnal 
diclioiomy 

Of the lateial branching there are also two forms, the 
mose 01 monopod^al and the cymose In the first the pmnary 
axis continues to develop upw^ards and gl^es of! acrope.tally 
lateral blanches fiom axillaiy buds, which also give'olf latt^al 
branches in a smnlai manner. The mam axis here constitutes 
a mono podium as it forms a single foot oi podium for th5 
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branches. In the second foim the lateial axes at an early age 
develop much moie vigorously than the x^i’iniary axis, and each 
gives rise to other lateial branches in a similar way. It is in 
this way that in some plants, by the paifcial or total suppies- 
sion of the terminal bud, and the subsequent vigorous giowth of 
the closely arranged lateial buds forming two shoots apparently 
ladiating from a common pomt, as if caused by the division of 
the teiminal bud, as in tiue dichotomous branching, an aiiparent 
but false dichotomy is xiroduced, which is called a cUchasizim oi 
false cyme This supin^ession of the teiminal bud may occur 
naturally, as m the Lilac {fig* 39), or accidentally horn frost or 
other injury 

If more than two buds arise just belimd the apex, and give 
rise accordingly to more than two branches, a hz 

lesults ‘When, ontheothei hand, only one branch is develo^ied 
at each iioint, and this becomes stiongtsi than the one from 
which it spimgs, 'we have a iiseud-axis oi sipnjpodiiim tormed, 
closely resembling the syinpodium of dichotomous branching 
It can be distinguished from the lattei b;> the fact of the bianch 
aiising behind the oiiginal glowing point, and not from its 
cliMSion The syinpodium may be helicoid oi bostijcoid as 
in the other case The branchmg of many forest trees is of this 
kind. 

The iDsend-axis as hist formed is crooked, and shows its 
mode of formation As it gets older the continued growth and 
thickening of its successive paits cause it to become straight, 
and it IS then v ery difbcult to distinguish it from a monopo- 
dium 

These modes of branchmg will be agam alluded to under the 
head of Inflorescence, m which their more practical application 
arises 

All lateral or axillary buds are called regiilay or normal^ and 
their aiiangement in such cases is necessarily the same as that 
of the leaves As branches are formed from buds thus placed, 
it should follow that their arrangement should also conespond 
to that of the leaves This coires^ionding symmetry, however, 
betw^een the arrangement of the branches and that of the leaves 
is inteifered with from various causes Thus, in the first place, 
by many of the regiilay buds noi being developed Secondly, 
by the development of other buds which aiise niegularly at 
various other points than the axils of leaves ' these are called, 
from their abnormal origin, adventitious And, thiidly, by the 
formation of accessory buds. 
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1. Non-develo;pment of the Begular Buds — This fieqiiently 
takes place irregularly, and is then altogether owing to local or 
special causes , thus, want of light, too much ciowdiiig, or bad 
soil, may cause many buds to become aboitive, or to perish after 
havmg acquired a slight development In other instances, how- 
ever, -Siis non- development of the buds takes place in the most 


Fig 44 Fig 45 



Fiff 4:4. Leaf of Bf iiophylJum cafycinum wiihbuds on its mai gins Fig 46 

End of the leaf of Malax%& paludosa, with badb, h, b, on itb margins 


regulai manner , thus, in Fiis, wheie the leaies aio vei^ closely 
arianged in a spiial manner, the branches, instead of presenting 
a smiilai ai i angenient, aie placed m circles aiound the axis at 
distant inter\alfa Tins aiises fiom the non de\ eloi>mont of 
many of the buds of the lea\es which foim the spue, ■which is 
followed by the development of the buds in the axils of othei 
leaves successively" , and as such leaves are thiclvly x>l^^oed, w© 
aie unable, after the development of the 
Fig 46 branches, to trace cleaily the turns of the 



Fig 46 A poitioii 
of: the leal ot - 
nitJiogalum f/iyt- 
soideumt show mg 
buds, 6, ?>, 6, on 
its buiface 


spue, so that they appear to giow in a encle 
2. AdvenHtious Buds . — These have boon 
found on various parts of the plant, as on the 
root, the woody portion of the stem, the leaves, 
and other organs. Thus, when a tiee is^jo^ 
Imded^ that is, when the main blanches and 
the apex of the trunk are cut off, the latter 
becomes so goiged with bap that a multitude 
of adventitious buds are formed, from whicli 
branches are dovcloped. The branches thus 
produced by jiollarding arc, however, to a 


certain extent, also c.iusod by the de\elop- 
mont of legular buds which had become dormant from some 


cause havmg hitherfco inteifered with their growth. 

Lea\es bearing buds aie called Such buds may 

be produced artificially on various leaves, such as those 
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species of Gesneya, Gloxuiia, Acliimenes, by the infliction of 
woundsj and by afterwards placing them m a moist soil, and 
exposing them to the other mfluenees which aie favourable foi 
the growth of buds. The buds developed on the leaves, m such 
cases, ultimately foim mdependent plants, and this process is 
therefore constantly lesoited to by gardeneis as a means of 
proxiagation. These adventitious buds differ from those com- 
monly produced m the axils of lea\ es, or at least from those 
which lemain dormant dmmg the winter, in bemg smaller, and 
having no external protective organs or scales {figs 44-46). 

3. Accessoi y Buds — The thud cause of irregularity m the 


Fig 47, 



Fig 48 


Fig 49 




47 Branch of a specie'! of Maple with tliree buds, 

placed wrie by side Fig 48 A piece of a 

blanch of the Walnut-tree p The petiole having 
m its axil a numbei ot budsa placed one above the 
otheijthe uppermost, &, most developed — Fig 49 
A piece of a branch of the Tartaaau Hone\ suckle 
{Lomcera tm tariea \ bearing a leaf,/, vith numerous 
buds, &, m its a\.il, placed above one anothei, the 
lowermost bemg the most developed 


distribution and appeal ance of branches arises fcom the multi- 
plication of buds in the axils of leaves Thus, mstead of one 
bud, we have m rare eases two, three, or moie, thus situated 
{figs. 47-49), such are called accessory buds These huds 
may be either placed one above another, or side by side 
Thus, m certain Willows, Poplars, and Maples, we have three 
buds placed side by side (fig 47, a), which frequently give rise 
to a corresponding number of blanches. In some Aristolochias, 
m Walnuts (fig 48, h), in the Tartarian Honeysuckle (fig 
49, h), and other plants, the accessory huds are arranged one 
above another. Sometimes the uppermost bud alone develops 
(fig, 48, h), as in the Walnut, and thus the branch which i& 

VOL I. • D 
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formed arises above the axil of the leaf, in which case it is said 
fco be extra‘ax%lla'iy. In the Tartaiian Honeysuckle {Jig» 49, 
&), the axillary or lowest bud is that which forms the strong- 
est branch, o\er which a numbei of smallei branches are 
placed arising from the development of the accessory buds. In 
some trees, as the Larch, and Ash, and hequently m heiba- 
ceous plants, these accessoiy buds, instead of forming separate 
branches, become more oi less united, and the blanches thus 
produced then assume a more or less flattened oi thickened 
appeal ance. Such abnormal bianehes are commonly called 
fascinated Faseiated branches may, however, be pioduced by a 
single bud developing in an uregulai manner In some cases, 
as m Ctiscuta, where several buds occui in the a\il of the same 
leaf, this IS caused by the blanching of the original single one 

Besides the above three principal sources of abnormal or 
irregular development of the branches, some minor ones also 
arise from the formation of extra- axzlla'i y branches in other 
ways than those just alluded to. Thus the bianch may ad- 
here foi a shoit distance either to the stem or to the leaf- stalk, 
causing curious apparent displacements. 

Sometimes the subtending leaf is suppressed, as m many 
inflorescences, where the flower seems to spring fiom the stem 
qiute independently In some Mosses the noimal position ot 
the branch is at the back of the leaf instead of m its axil , in 
others it arises at the side of the leaf These vaiiations follow 
the mode of division of the cell fioni which both leaf and bianch 
originate In some of the higher plants, both in the vascular 
Oiyptogams and the Floweiing Plants, each branch appeals by 
the side of a leaf In others theie is no relation at all between 
the origin of the two members, as m Ijijcoj)odium Floral and 
scaly leaves moreover do not bear branches m their axils 

Adventitious shoots may also aiise from roots, as may be 
observed in many Bosaceue, the Moutan PiCony, the Japan 
A.nemone, and many other plants They may in many cases bo 
aitificially stimulated to appeal , if the root be wounded, it will 
often produce them, much m the same way as tho leaves of 
Begonia The Blackberry tmder such cireumstanecH will pro- 
duce shoots from its roots, so freely indeed that tho plant can bo 
propagated by root-cuttings 

Forms of Stem and Branches. — Tho stem is usually more 
or less cylindrical, though this is fai fl:om universal. In many 
herbaceous plants it becomes angular, and m some, particulaily 
in those of certam natmal orders, as the Cactacea?, Orcludacor*, 
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Enphorbiacese, &c , it assumes a \ariety of anomalous forms. 
.Thus m many epiphytic Orchids it becomes moie or less 
oval or rounded, and has received the name of jpaeudohulh 
{fig 33, 5, h) ; m the Melon-cactus it is globular , and m other 
Cacti it IS columnar, more or less flattened, or jointed In the 
Tortoise or Elephant’s foot ViBXxt {Teaiudinaria €le^hantijpes),lt 
foims a laige rough irregular mass 

In general, stems possess a firm texture, and can therefore 


Fig 50 


Fig 51 


Fig 52 


Ftg 50 Climbing stem of tbe 
Iv^ a, a Aei lal roots 



Fig 52 Twining stem of a 
species of Conit/lvulus 


Jng 51 Twining stem of Honeysuckle 




readily sustain themselves in an upright position; but at other 
times they are too 'weak to support themselves, and then either 
trail along the ground, or attach themselves to some other plant 
or neighbouring object In such cases, if they tiail on the 
ground, they are said to be jproci(?Jzbent or jprosirate , or it when 
thus reclining they use towards their extremity, they are decum- 
bent , or if they rise obliquely firom near the base, aacend%ng^ 
But, mstead of resting on the groimd, they may take an erect 
position and chng to neighbouring plants or other obiects for 
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support They are called cVimlyinq if they proceed in a moie or 
less lectilinear direction, as m the Passion-flower, where they 
adhere to other bodies by means of little twisted ramifications 
called tendrils, or in the Ivy, wheie they emit little aerial 
loots fiom their sides, by which they cling to neighbouring 
bodies {fig 50, cC) If such stems twist lound other bodies 
in a spiial manner they aie said to be Piovmn'iq , and this 
twmmg may take place either fiom right to left, as m some 
Convolvuh {fiq 52), Fiench Bean, and Dodder, or from left 
to right, as in the Honej^suckle {fig> 51), Hop, and Black 
Bryony, oi fiist in one dnection and then in another, iiiegu- 
larly, as in the White Biyony - The climbing and twining 
stems of cold and temperate regions aie generally heibaceous 
or die annually, although w^e have exceptions m those of the 
Ivy, Clematis, and Honeysuckle, which aie woody In tiopical 
climates these woody climbing and twunmg stems often occur, 
these aie called lianas or lianes, and they fi’equently ascend to 
the tops of the loftiest trees, and then either descend to the 
ground again, or pass to the blanches of neighbouring trees. 

The stem has leceived many names according to its nature. 
Thus it is called a cauHs in plants which are herbaceous, or die 
down annually to the surface of the giound, a ii'unl, as in 
trees, wheie it is woody and perennial, a culm, as in most 
Glasses and Sedges, where it jiiesents a jointed aiipeaiance , 
and a caudcx oi siix^e, as m Tiee-feins and Palms. 

Heihs, Sliiuhs, and T) ecs.—-'From. the nature, diuation, and 
mode of branching of stems, plants have been aiiangedfroni ihe 
eailiest peiiods in three divisions, called, respectl^ ely, Herbs, 
Shrubs, and Titees, Thus, those plants which ha\e stems that 
die down annually to the smfacc of the ground aio called ho bs ; 
while those wuth peiennial aerial woody stems are denominated 
trees or slu uhs according to eircumstancos, as desciibed below. 
Herbs aie also fiuther charaeteiised as aiinual, biennial, and 
Xpe'ienmal They aie animal when they only h\c through 
one season, that is, between the siiring and wunter , biennial, 
when they spiing from seed in one season, and die in the 
second, after pioducing fiow^ors, iruit, and seed, and jieicnniaJ, 
when they spiing from seed in one season, and continue to live 
through a succession of years, annually sending up an herba- 
ceous stem. The term tree is applied if the branches are 
perennial and arise fiom a trunk When the brancdies are 
perennial and pioeeed diiectly fiom, or near to, the surface of 
the giound, without any trunk, or where this is very ahortfa 
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sh'} uh IS formed , this when low and branched very much at the 
,base, IS denominated a hush The teim undeislitub is also 
apphed to a small shrub which is intermediate m its characteis 
between an ordinary shrub and an herb , in such a plant some of 
its blanches geneially perish annually, while otheis are more or 
less peimanent. All the above kmds of stems are connected by 
mteimediate links, so that in many cases they are by no means 
well defined 

If the teimmal bud of a stem is contmuallj" developed, the 
axis upon which it is placed is prolonged upwaids from the earth 
to its summit, giving off blanches from its side, as m most 
Firs , such a stem has been termed excu'i i ent When the mam 
stem IS arrested in its growth the pioeess of flowermg, or 
some other cause, and the lateral buds become the more 
vigorously developed, so that the stem appears to divide mto a 
number of iiregulai branches, it is said to be deliquescent. 
These different kinds of growth influence mateiially the general 
form of trees Thus, those with excurient stems are usually 
more oi less comoal oi pyiamidal , 'while those with deliquescent 
stems are lounded or spreading. The general appearance of 
tiees also depends upon the nature of the lateral branches, and 
upon the angle whrch they make with the stem from which 
they ‘arise If the blanches are firm, and sprmg at an aonte 

angle to the stem, as m the Cypress and Lombardy Poplar, they 
are erect, and the tree is more or less narrowed, if they come 
off at a right angle, the branches aie sjyreadmg^ as m the Oak 
and Cedar , if the angle is \eiy obtuse, oi if the blanches bend 
downwards from then origin, as in the Weeping Ash and 
Weeping Elm, they are termed wee;p%ng oi q^^nduloiis , m other 
cases this weepmg appearance arises from the weakness and 
fle'SLibility of the branches, as m the Weeping Willow and Weep 
mg Birch The relative length also of the upper and lower 
branches wdl give use to corresponding differences m the general 
appearance of trees If the lower branches are the longest 
and become shorter as they approach the top, the whole will 
take the form of a cone or pyramid, as m the Spruce Fir , if the 
middle branches are longer than those of the base and apex, the 
general airjreaianee will be rounded or oval, as m the Horse- 
chestnut , if those of the top are the most developed, the form 
wrU be lunbrella-like, as m the Italian Pine 

Kinds of Stem and Branches — We have seen that the 
stem (page 25), when first developed, always passes upwards, 
wTaile the root at the same time passes down'wards. In. many 
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instances this original direction of the stem is continued more 
or less throughout its life, but in other cases the terminal bud 
either acquires an irregular development, and the stem runs 
along, or remains undei, the surface of the gioimd , oi it peiishes 


Fig 53 




Fig 53 A portion of the commjn Strawbeiry plant a} Vn a'x:i‘3 pioducing" 
a tuft of leaves at its extremity, the uppei of winch, r, arc ^'vcll developed 
and green, and the lower rudimentniy Prom the axil of (mo of the latter 
a second axis or i miner, a'', arises, hcsuiug «i rndimentaiv leaf, A neat the 
middle, and a cluster of leaves ^ , at its end A thud axis produo( d 

ill a similar niannci to the former /, / Hoots oi rootlets 51 

OlT^et of JSempet vtvum Fig 66 Plant showing the process of Jni/tu mg 


altogether at a veiy eaily peiiod, and an a\illaiy branch takes 
3ts place, which also, by developing laterally, likewise con- 
tinues near the surface of the ground, or bnriows beneath it. 
From these peculiarities in the direction and growth of stems 
and branches, we have a number of modifications which viOe 
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now proceed to describe. These are best treated of under two 
heads, namely, those which ai e aei lal, and those which are 
Bubte'tranean ^Ye can, however, by no naeans draw a distinct 
Line between the modifications of stem which these two divisions 
respectively contam, as certain forms occasionally pass from 
one into the othei, thus being both subterranean and aerial at 
difieient points, or at different peiiods of their couise 

1, Aerial Modifications of the Stem and Br4.nchbs — Of 
these the moie impoitant are the 'tunned, the ojff-aet, the stoZon, 
the sucTtey , the 7izzo77ie, th.e j^^iy^loclade, and the sjpzne or thorn, 
Ceitam forms of iend'izl may be mcluded heie The flower is 
also a modified shoot. The rhizome is sometimes subterianean 

a The Utmnet or Flagellum {fig 53) — This is an elon- 
gated, slender, prostrate branch, a\ sent off horn the base of the 
stem, and givmg off at its extremity leaves, 7 , and roots, /, and 
thus producmg a new plant, which extends itself m a similar 
manner This is well seen in the common Stiawberry. 

b The Offset {fig 54) — This is a shoit, piostiate, more or 
less thickened branch, which pioduces at its apex small roots 
and a txift of leaves, and thus forms an indexiendent plant, 
which IS capable of producmg other offsets in a like manner. 
It IS well seen in the Houseleek This differs veiy little from 
the ordinary runnei, except in being shorter, somewhat thicker, 
and its leaves distinctly’ tufted 

c The Stolon — This is a branch given off above the surface 
of the earth, but which curves oi proceeds downwards towards 
it, and when it reaches a moist spot it sends rootlets mto the 
ground, and a stem upwards mto the air, and bemg thus capable 
of acquiring food independentlv of its parent, it ultimately forms 
a new individual. The Ouiiant, Goosebeiiy, and other plants, 
multiply in this way All such plants are said to be stolomferous. 
Gardeners imitate this natural formation of new individuals 
when they lay down a branch into the earth, from which a new 
plant is ultimately formed, this xjrocess is technically caRed 
layc'tznq {fig 55) 

d The Sucke'i {figs 56 and 57) — This is a branch which 
arises from the stem below the surface of the earth, and which, 
after proceeding m a horizontal direction foi a certain distance, 
and giving off little roots or rootlets m its course, turns upwards 
into the air, and ultimately forms an independent plant. Plants 
thus producing suckers are said to be sureulose Good examples 
of this kind of stem are seen m the Rose, the Raspberry, and 
the Mint. The sucker can scarcely be said to differ, in any 
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essential particulars from tlie stolon, except that it is originally 
subterranean, and ultimately aerial ; whereas the stolon is first 
aerial, and then subterranean 


Fio 56 


Fio 57 


mm 


Fig's 56 and 57 Sackeis of species of Mentha 

e The Bliizome oy Rootstock {figs 58 and 59) — This is a 
prostrate thickened stem or branch lunning along the surface of 
the ground, or moie geneially paitly beneath it, and giving off 
small roots or lootlets fiom its lower side, and leaves and buds 


Fig. 58 


Fig 59 




rig 68 A poition of tlio iliuome of a «?pecie‘!}of Itu Fig 69 A poition 

of the rlii/omo of the Solomon’s Seal (,Foluf/onntum mujhflomm) h Bo- 
maius of the flowering stem of the present year &' Lateral bud, which 
will pioduce tlie flowering stem of the next yeai < , c Scais produced by 
the decay of the floweiing stems of the tivo pzcoeding y ears r Koot- 
lets 

from its upper. These stems sometimes creep for a long dis- 
tance m this way, and have their upper surface then marked by 
soars {fig, 59, o, c), which aie caused b;\ the falling off oi 
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former leaves, or of aerial herbaceous stems or flower-stalks, 
by which character they may be commonly distmguished, even 
when m a dried state, from true roots Such stems are found 
m the Ins, Sweet-flag, Gmger, Turmeric, Solomon’s Seal, Fern, 
and many other jilants In some cases these rhizomes are 
placed 111 a vertical dnectioii m the earth {erect rhizomes), and 
they then bear a great resemblance to roots, as in the Devil’s- 
bit Scabious (Scahiosa succisa), where such a rhizome is com- 
monly but erroneously known as a p't ceinorse ? oot (fig 61) 

The rhizome may continue to elongate at its apex through- 
out its life as in the Bracken Fein, or the apex may grow out 
mto an aerial shoot, while a bud is formed laterally in the axil 


Fig 60. Fio 61 



Pitj 60 Contoited xhizomo of Bistoirfc {Polygonum Bistotia) Fig 61 

Fra 2 moise rhizome of the Denrs hit Scabious i^f^cdbio'ia sucet^a) 


of a leaf at its base which contmues the growth m length, causing 
the formation of a sympodium, as in Solomon’s Seal (fig 59) 
f. The Fhylloclade — In some plants the leaves are very 
feebly developed and soon fall off, or are niodifled mto spmous 
or needle-hke j)rocesses. In such cases the stem pei forms the 
functions of the leaves, becoming green and assuming a more or 
less flattened form. Such a stem is called a ^hijlloclade Ex- 
amples may be seen m many Cactuses, where the stem is either 
globular, or composed of flattened or round joints, or of winged 
columns In certain Liliaeese the phylloclade takes the form of 
an ordinary foliage leaf, from which it can be distinguished by 
Ibearing leaves and flowers, either on its margins or ^at some 
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pomt on its surface Such a bianch consists only of one inter- 
node , it is soft and iiomtless in Myi siphyllum , firm, hard, and 
spiny at its apex in Ruscus aculeatus. Its stem-chaiactei 
can be seen also fiom its aiising fiom the axil of the tine leaf, 
which is veiy small and soon falls off Phylloclades of this kind 
ha\e also been called cladodes 

g The Spine or Thom — It sometimes happens that a leaf- 
bud, instead of developing as usual, so as to form a symmetrical 
leaf-beaimg branch, becomes arrested m its giowlh, and forms 
a haidened simifie or blanched proiection terminating in a more 
or less acute iioint, and usually without leaves, as in Thorns 
62;, Gledit8cli%a 63), and many other plants Such an iire- 

PiG 62 FiCr G3 Fig 61 



Fin 62 Branclnnpf spme of the Broue> Locust (,G7t'di(^(7na) Fuj 63 

fepine of a species of Thorn Fin 84 Leafy spines of the common Sloe 

gularly developed branch is called a spvne or thorn That the 
spines are really modified branches is jiiw ed not only by their 
stiucturo, which is exactly the same as the stem or branch upon 
which they aie placed, but also bv their position in the axil of 
leaves, bv then sometimes beaiing leases, as in the Sloe {fiq 
64) and Bjnny Rest-harrow ; and by thoir being frequently 
changed into oidinary leaf-beaimg blanches by cultivation, as 
111 the Apple and Peai Spines are somotnnes confounded 
with piicklos, but they are leadily distinguished from those' by 
their structure and connection with the internal paits of thV 
stem , the prickles lieingmcrolv formed of hardened i)arGnchy ina, 
arising immediately fiom, and in connection only with, the ox>i- 
dermal tissue and layei of cells beneath 
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h. TJie Tendr%l — Another irregularly developed bianch is the 
tendril or cvrrlius this teim is applied to a tliread-lihe leafless 
branch, which is twisted in a spiial direction, as in the Passion- 
flo-wei 65, v) It is one of those contrivances of nature 

by means of which v eak plants are enabled to rise into the air 
by attachmg themselves to neighbouring bodies foi suppoit- 
Tendrils may be also observed in the Vine {jig 66, -y, v, y), 
wheie they aie the terminations of separate axes 

Tendiils are occasionally produced horn leaves and some 
other organs of the plant , these peculiaiities will be lefeired to 


Fig 65 Fig 66, 



Fiq 66 A. poition of the stem of Pass^fioi a quadi migulai w, v Tendrils 
Ftg b6 Part of the stem of the Ymc r, r, v TendriK 


hereafter, in the desciiption of those oigans of which they aie 
1 espectively modiflcations 

2 Subterranean Modifications of the Stem and Branches 
— All these modifications of the stem and branches -were foimeily 
confounded with loots They are distinguished, however, from 
roots, either by the presence of buds, oi of scales {cata 2 yhyll(iTy 
leaves) i or by the presence of scars on their surface which are 
produced by the falling off of foimer leaves or buds The dif- 
ferent kinds of aerial stems described above, when partially 
subterranean, may be also distmguished in a similar manner 
fiom roots 

a The C^eejging Stein {,fig» 67). — This kmd of stem is a 
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slender branch which rans along beneath the surface of the 
earth, emitting small roots from its lower side, and buds from 
its uppei, m the same manner as the rhizome, and it is con- 
sidered by many botamsts as a variety of that stem The only 
differences existing between the cieeping stem as defined above 
and the rhizome, are its moie slendei form, its commonly greater 
length, and its entirely subteiranean couise The Sand Sedge 
{flarex aienaiza) {fig, 67), and the Couch Grass {T7%Ucum 
repens), afford good examples of this stem In some instances 
such stems serve important purposes in nature , thus those of 
the Sand Sedge or Gaiex, by spreading through the sand of the 
seashore, and in this way bmdmg it together, prevent it from 


Fig 67 



Fig 67 Creeping stem ol the Sand Carex (^Oa) ev ai enm m) 1 Teimin.il 
bud bvwliicli the btem coutiimee to elongate 3, 3, 4 Shoot'* piodueuMl 
from foimer buds 

being washed away by the recedmg waves. Others, like those 
of the Couch Grass, aie the pest of the agriculturist, who finds it 
A^ery difficult to destroy such stems by cuttmg them into pieces, 
foi as evoiy node is capable of developing a leaf-bud and roots, 
each of the pieces into which they will then bo divided may 
become an independent individual , and therefore such a pro- 
cess, instead of destroying the plants, only seivcs the purpose 
of still further multiplying them by placing the separated jiarts 
imder more favouiable circumstances for development 

b The Tuhe^ 68 and 69) — This is a subterranean 

stem or bianch, ariested in its giovrth, and excessively enlarged 
3y the deposition of starch or other nutiitious substance in its 
iissue. It has upon its suiface a variable number of little 
3uds, or eyes as they aio sometimes called, from which now 
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plants are ultimately formed The presence of these buds 
indicates its nature as a kmd of stem- This stem-like nature 
of the tuber is also eleaily proved by the practice commonly 


Fig 68 



Fig 68 Tiiberg of tlie common Potato (Solannm tuhei ontm ; 


adojited for piopagatmg potatoes, the tuber bemg out mto pieces, 
each piece containing one oi more buds When these pieces 
are placed under favourable cneumstances for development, the 
buds are at fiist nourished by 
the matter which suriounds 
them, and aie thus enabled 
to put forth loots and obtain 
nourishment for themselves, 
and in this mannei to form 
independent plants. The 
Potato (fig 68) and Jerusa- 
lem Artichoke (fig 69) aftoid 
good illustrations of tubeis. 

In certain plants, such as 
some epiphytic Orchids, a 
portion of the sub -aerial stem 
may be thickened, the thick- 
ening sometimes bemg con- 
fined to one mternode, sometimes extending to moie than one 
This thickening, which resembles a tuber, is often spoken of as 
a ^seudohulh ( fig. 33, h). 


Fig 69 

I 



Fuj 69 Tubers of the Jerns<xlem Arti- 
choke {JleliantliuB tube7U'<>us) 
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c The Bulb — This is a shortened, usually subterranean 
stem or branch, generally in the form of a rounded or flattened 
plate or disc \figs 70-72, (x), which bears on its surface a 
number of fleshy scales or cataphyllary leaves; or it may be 
considered as a subteiranean bud of a scaly nature which sends 
off roots oi rootlets flom below {fig^ 72, 5), and a flowering 
stem upwards {fig 70, and figs 71 and 72, d). The scales 
are generally more or less thickened by deposition of nutritive 
matteis, these, theiefore, serve as leservoizs of nutiiment for 
the future use of the plant, just as m othei cases the enlarged 
stems and loots seive a simflai puipose. The true bulb is only 
found in Monocotyledons, as in the Lily {figs 71 and 72), 
Onion {fig 73), and Tulip. The scales of a bulb, like the 


Fig 70 Fig 71 Fio. 72 



Fuf 70 Veitical section of tlic bcal^ bulb of the Lilv a Shortened avi"! oi 

stem h Ijitexal bulb or olove p Floweiingf btem c Scales /'’tf/ 

71 Vertical section of the scalv bulb of the Lilv Fig 72 Scaly bulb 

ot the Lily a Shortened avis oi stem h i^hbrous loots c facalos 
ii Floweiiiigr stem The letteis lefei to tlie same parts in the tuo latter 
figures 

leaves of a branch, have the power of developing in thoir axils 
now bulbs {fig 70, h) , these arc called by gardeners cloves^ 
and then presence is an additional proof of the homology of a 
bulb witli a branch or bud 

There are two kinds of bulbs commonly distinguished by 
botanists, namely the fimicatecl (fig 73), and the scalg (figs* 
71 and 72) The tmiwaicd hulh is well seen in the Onion 
{fig 73) and Squill. In this kind of bulb the inner scales, 
which are thick and flobliy, enclose each other in a concentine 
manner, and aie covered externally by thin and membranous 
ones, which form a covering or iunic to them, and hence the 
name tim%cated or coated^ winch is applied to it In the scaly 
or naked bulb, as it is also called ( figs* 71 and 72), there are* 
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no outer dry scales , but it is composed of thick, fleshy, more or 
less flattened leaves, v hich simply oveilap one another. 

The young bulbs {cloves) {fig 70, Z>), which aie developed 
in the axils of the scales of bulbs, either remam attached to 
their parent, which they then commonly destioy b% absorbing 
all its stored-up nutiiment, or moie eommonh they become 
sepal ated in the course of giowth, and toini independent plants 

In the axils of the leases of ceitain x^ai^ts. such as some 
species of Lilv {fig 74, a, «}, the Coiah^oit {Deniaiia hulhi- 
fera), and Pilewoit [Bayiuiiculus Ficayia)^ small conical or 
rounded fleshy bodies aie sometimes pioduced, which aie ot the 


Fig 73 Fig 74 



/'"'jo 73 Tuuieated bxilb of tho Onion 74 Stem of a species of Lih 

(Liluim bulhijet um ) bca-iirig bulbils or bulblets, er, a, in tbo axils of it's 
loaves 

natuie of bulbs, and aie hence called aerial bulbs from then posi- 
tion, or from their smaller size bulbils or bzdhlets* They differ 
fiom ordinary buds in their fleshy nature, and by spontaneously 
separating flrom their parent, and producmg new individuals 
when placed under favourable cncumstancos , and fiom true 
bulbs from their small size and aerial position These aerial 
bulbs are not confined, as is the case with tiue bulbs, to Mono- 
cotyledons, as may be seen by the examples given 

d. The Corm — This form of stem, like the true bulb, is 
chiefly found in Monocotyledons, as, for examine, the Colchicuni 
{fig, 77), and Crocus {figs, 75 and 76) It is an enlarged 
^olid subterranean stem, of a more or less rounded or oval 
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figure, and commonly eoveied externally by a few tliin mem- 
branous scales 01 catapliyllary leaves It ma^^ be considered as 

Fig 75 Fio 76 



Ficf 75 Coimsot Ctoen‘> battvu^ h The new coims, arising from c, the 

ape^ o± the old or paient coim Fig 76 Veitical section of the toimei 

The letters refoi to the same parts 


a kind of bulb, m wbieli the stem is much enlarged, and the 


scales reduced to thin membianes Practically a coim may be 
distmguished from a buiu by its solid nature ( /ig. 70, a, h), 
the bulb having flattened imbricated oi con- 
Fio 77 centiieally arianged scales The corm is 



Fig 77 Colchicnm 
/ Boots or root- 


known to be a kind of stem by producing 
from its suiface one or moie buds, in the 
form of young corms, as m the Ciocus 
75, a, h), where they pioceod from the apex, 
e, and ultmiately destroy their parent by 
feeding upon its accumulated nutiimcnt 
These new corms, in a future year, also pro- 
duce others neai their apex, and these b^y 
developing at the expense of their jiarcnts 
also destroy them m like mannei , and these 
again form other corms by which tho,\ are 
themselves destioyed In this manner the 
new corms, as they aie success n ely developed 


lets J Loaf a 
Shiivellod remains 
of last 3 eai ’fa corm 
a* Coim of till* 
present 3 cat a"' 
Oonimenceinunt of 
the coim ot no\t 
\ viir 


fiom the apex of the old conns, conic gradu- 
ally nearer end nearei to the surface of the 
eaitli 

In the Colclucum ( //</ 77), the new 

corm a"' is developed on one side of the old 


coim near its base, instead oi from the 


apex, as m the Ciocus This also feeds upon its parent, and 
ultimately destio.ys it, and is in like manner destroyed the next 



GENEBAL MOBPHOIiOGY OF THE PEANT 49 


year by its own progeny Thus, m taking up such a corm 
^arefolly, we find ( fig 77 ), the shrivelled corm of last year , 
and that of the present season, which, if cut vertically, 
shows the corm in a young condition for the next year 

Another t^^Tpe of the corm is found in the Cyclamen. It is a 
fleshy expansion of the base of the seedhng stem which thickens 
andenlaiges yeai by yeai,but does not lengthen, thus becommg 
a bioad thick body The thickening is confined to the first 
mteinode It bears annually leaves and floweis from its 
apex, which may be found at the ( i iiIiM i i.f. i 

The lowei surface produces loots. 

naked, pioducmg no leaves excep^Nl|h:^^©\lfi^^L4»eaHi»u^ 

Section III — Ti<? &Hi60T {contzyiued) 

B Theyiu^tuies 

1 GENERAL. DESCRIPTION OF 

We hav'e seen that the vegetative appendages is e 

upon the stem aie of two kinds, those which aie like and those 
which are unlike the axis itself A leaf may be defined as an 
api^endage home upon an axis fiom which it differs in its 
structure and organisation Like the stem itself it is capable 
of blanching, and in such branching similar modes of origm to 
those of the branches of the axis may be observed. The ulti- 
mate shape of the leaf indeed may be traced to its behaviom in 
this respect It differs fiom the stem in the degree to which 
this bianclnng may be carried, seldom showing branches of 
more than the second or thud ordei 

The part of the stem or bianch from which a leaf arises 3S 
called flf the space between two nodes an 

The portion of the leaf next the stem is termed theoS^Tffie 
opposite extremity the a^gar, and the Imes connecting' tlBe^ base 
and apex th e margi ns The leaf bemg commonly of a flattened 
nature, has Dniy* ' xwo suifaces, but when succulent it has 
fiequently more than two smfaces. The terms upiier and 
lower are applied to the two surfaces of oidinaiy leaves, 
because in by far the gieatei number of plants such leaves are 
placed hoiizontally, so that one surface is turned upwards, and 
the other downwards* There are certain leaves, however, winch 
are placed vertically, as those of some species of Bucaly2^fiis, 
in which case the margins are turned upwards and downwards 
mstead of the surfaces The angle formed by the union of the 
VOL. I- E 
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upper smfaee of the leaf with the stem is called the ax%l^ and 
eveiy thing which aiises out of that point is said to be ax%llary 
to the leaf, if anything spiings horn the stem above, oi below'" 
the axil, it IS exUa-axillaiy ^ oi, as moie generally described 
when abo^e, sn 2 n a-axillm y , when below, inf y a- axillae y. 

Duyaizoii and TPall of the Leaf , — The leaf vanes as regards 
its duration, and leceives different names accordingly. Thus, 
when it falls oft soon after its axipearance, it is said to be 
fugacious oi caducous ^ if it lasts thioughout the season in 
which it IS developed, it is dec%diboii8 or annual , or if beyond 
a single season, or until new leaves are developed, so that the 
plant IS nevei without leaves, it is 2?^7 8istent, evc^gyee^i^ or 
j^eyenmal, 

Tliejjaits of the leaf , — The axis of the leaf may be teimed 
a j^hyllo;podzu7n\ it is capable of very vaiied development, and 
its region of active growth is seldom altogethei apical as in the 
stem axis It commences apically, but this apical growth is 
usually supei seded by a basal growth, which continues affcei the 
former has ceased. This is especially well seen in the long 
nanow leaves of many Monocotyledons 

In the phyllopodiuin three regions may be distmgmshcd 
The so-called leaf -base, or hyjpojpodzu^ji, including that region 
which is attached to the stem, the lamina^ ot cjyijyodiuni^ which 
IS the usually flattened terminal poition, which forms what is 
often alluded to generally as the loaf irio£)er; and an inter- 
mediate portion, the yiiesojjodbuni or peiiole. Either the opi- 
podium or the mesopodium may be absent 

The leaf in one or all of these regions generally takes the 
form of a flattened expansion, owing to the distribution (»f 
growth in* the phyllopodium leading to the do\ olopiiieut of a 
thin wing along two of its sides in a lateral piano. This wing 
IS usually though not always confined to the ei)ii)odium, giving 
rise to the leaf-blade or lamina The branches of the epipodmiu 
are also winged, and the relative development of the branches 
and their wings causes the various forms of the leaf-blade. 

In the simplest forms of leaf the phyllopodium does not 
show any division into the three regions spoken of It is then 
a cylindrical structuie as in Pilula^ia^ or a flattened one with 
no e^ idont wings as m many IVEonoeotydedons, or a w ingod one 
as in some of the Gymiiosperms. When it branches, the 
branches usually arise upon the epipodium, and are dcnelojied 
either aciopetally or basipetally according to the position of the 
growing part. 
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In leaves whicli show a differentiation into the three regions 
spoken of, each region shows certain peculiarities. 

The Hyjpoj^todmm or Leaf -base — This is often very difiScult 
to distinguish from the stem The tissues of both are con- 
tinuous, and unless some outwaid peculiaiity appears the two 
cannot accurately be delimited, Teiy often, howe\er, the pomt 
of union of the two is maiked by a swelhiig of the hypopoduun 
forming a sort of cushion called a pulv%7iu8, and in some cases 
it appears as a definite aiticulation "When the leaf-base is 
broad, this swelling extends for a considerable distance round 


Fig 78 


Fit 79 



Fig 80 



Ftg 78 Amplexicaul ba^e of the leaf m Fool’s Parsley Fig 79 Sheath- 
ing leaf of a Grass F^g 80 Decurreut leaf base of a species of Thistle 

a Leaf-batjo 


the stem. Such leaves can be detached veiy readily and leave 
a kind of scar winch can be noticed on the stem after the leaf 
has fallen off (fig 37, page 27) This cushion may form a kind 
of sheath, almost embracmg the stem, as m the common 
Pelargonium It may be somewhat membranous and com- 
pletely encircle the stem, as m the Fool’s Parsley (fig* 78) 
These modes of airangement are known as aenvb-amplex'icaul 
and cmipleacicaul^ respectively In some plants the leaf-base is 
prolonged down the stem as a wmged expansion, as m some 
Thistles, when it is said to be decurrent (figs 80 and 81), 

Frequently the leaf-base bears a yshiv of lateial branches, 

£ 2 
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which often become winged like the ei^ipodium, but may assume 
other forms. These are known as stipules They have th;^ 
same structuie as the blades of leaves, and aie liable to similar 
modifications as regards venation, apex, incision, outline 
margins, surface, &c The stipules are often wanting, and the 
leaves are then said to be esL stipulate , when j)resent, the leaves 
are stipidate They are often overlooked fiom then small 
size, while m other cases thev are v’-ery laige, as m the Pansy 
{fig. 88), and in the common Pea {fig. 84) In the leaves of 
Jjathgius Aphaca {fig 186) there aie no true blades or leaflets, 

Fio 81 Fitx 82 



of a corapouinl loaf, /, itU stalked leaflets 
a<lheieut smpules 


2 ) Petiole T, ^ Aduate or 


but the stipules, s, s, aie here veiy large and perform all their 
functions 

Stipules either remain attached as long as the lamina, 
when they are said to be persxstcnt, or they fall off soon after 
its exxiaiision, in winch case they are deciduous. In the Beech, 
the Fig, the Magnolia, &c., they form the tegmeritu or protective 
coverings of the buds, and fall off as these open (page 28) 

The stipules vaiy in their position with regard to the petiole 
and to each othei, and have leceived different names accord- 
ingly Thus, when they adlieie to each side of the base of the 
petiole, as in the Pose {fig 82, s, s), they are said to be 
adnate, adherent, or petiolm When thev remain as litllo 
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leafy expansions on each side of the base of the petiole, but 
quite distinct fiom it, as in many TViUows and the Pansy 
{fig 83), they are called caulinary When the stipules are 
large, it sometimes happens that they meet on the opposite 
side of the stem oi hianch from which the leaf grows, and 
become umted more oi less by their outer maigms, and thus 
form one stipule, as in the Astragalus , they aie then said to be 


Fig 83 Fig 84 



Fw 83 Petiolate leaf of Pansy ( Viola ti icoloi ') w itU large cauhnary stipules 
at Its base — Fiq 84 A portion ot the floweiing stem of the common 
Pea, with a pinnate leaf teiminated by a tendril, and having two large 
stipules at its base, the lowei margins of wbioli aie dentate 


aynochreaie or'opjposiie {fig 85, s) , if under similar cirouin- 
stanees they cohere by their inner margins, as in Mehanthua 
annuua and Sov,ttuyn%a cordata (fig 86, a), they form a 
solitary stipule which is placed m the axil of the leaf, and is 
accordingly termed axillary, and if such stipules cohere by 
both outer and inner margins so as to form a sheath which 
encircles the stem above the msertion of the leaf (fig 87, d), 
m the Ehubarb, and most other plants of the order Poly- 
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gonaceiB, they form what is termed an ochrea or %ntrafoliaceous 
stipule 

All the above kinds of stipules occur in plants with alternate 


Pie 85 


Fie 86 



Fig 86 A portion of the stem, r, and leaf, f, of the AsUagalus Onohrychis 

s Synochreate or opposite stipule Fig 80 A poition of the stem, 7 , 

and leaf,/, of Mcutiui/ma co7data s A\.illaiy stipule 


leaves (see page 80), in which such appendages aie fai more 
common than in those with opposite leaves When tiie latter 

Fie 87 



Ft/ 87 Leaf and piece of the stem of Polygonum Ilydiopipe> I Lamina 
or blade p Petiole d 8 heath -—^Fig 88 A portion of a braut'h, r, 
with two opposite lea'v es, /, /, of iJep1ialanthu& o^culenta l%s « I uterp<‘tiolai 
stipule 

plants ha.ve stipules these are generally situated in the intervals 
between the petioles on each side, and are hence torinod xnter^ 
'petiolar. In such^cases it frequently happens that' the opposing 
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stipules of each leaf cohere more or less completely by then 
.outer margins so as to foim but one mterpetiolar stipule on 
each side of the stem {fig. 88, 5 ), as is the case in the 
Cinchonas, the Coffee, and other plants of the natsural order 
Rubiacese to which they belong 

The stipules aie sometimes modified to form spmes, much 
resembling the spines or thorns of the stem, as m Bobmza 
{fig 89) In many species of Simlax they take the form of 
tendiils {fig 90) 

Stipules, as we have already noticed, aie not always present 
m plants, but then presence or absence in any particular plant 

Pio 89 Fie 90 



F'i<; 89 Compound leaf of Rohinta Pseud-acaeia^ \\nth spiny stipules at its 
base Fig 90 Modified stipules of Smilax, forming tendrils, a 


IS always constant, and although the appearance and arrange- 
ment of them also vary in diffeient plants, they aie always 
uniform in those of the same species, and even, in some eases, 
throughout entiie natmal orders, and thus they freciuently 
supply impoitant distinctive characters in such plants and 
orders Thus the plants of the Logamaceas are distinguished 
-from those of the allied order Apocynacese by possessing intei- 
petiolar stipules ; and the plants of the Polygonacese usually 
from those of allied orders by mtrafoliaceous stipules, 01 ochrea? 

Stipules are very lare in Monocotyledons , among the Cryp- 
togams they are only present in the Marattiaceae, a gioup of 
the Ferns. 
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The Mesojpo&ium oi PeHole , — ^According to the presence or 
absence of this portion of the leaf-axis, leaves are said to 
stalked or sessile When the petiole is developed it is more or 
less cylindrical as a inle, but fi^equently is almost semicircular 
in section, the upper smface being f3attened and sometimes 
giooved. It may be very shoit or consideiably elongated In 
the Grasses it surrounds the stem m the foim of a sheath {fig 79), 
and wheie the blade and petiole ]oin theie is found a membian- 
ous appendage, lying paiallel to the blade. To this the name of 
hgiile has been given It is either entire or incised in various 
■ways In the Aspen {Po2JitIu$ tieimda)^ the petiole is flat- 
tened m a line at right angles to the blade, and is thus one of 


Fio 91 



Fig 92. 



Fiq 91 A poi tion of the gtem with some loaves of Venus’s Ply-trap ( Dioncca 
mu^oipula) I Lamina tiingoil with haus, and hcnoo said to ho tMliab'il 

p Winged petiole Piq 02 Leaf ol Oiango {Citrus Am autinm^ p 

Wmged petiole articulated to the lamina I 


the causes of the peculiar mobility of such leaves; while in other 
plants it IS flattened m a horizontal direction. In water plants 
the ]petiole is freq^uently more or less dilated from the proR(^nco 
of a number of air cavities, as in Poniederia , sueli petioles by 
diminishing the speciflc gia\ity of the plants in which they are 
found, enable them to float readily in the water. In niany 
plants the petiole is winged like the leaf-blades though generally 
not to the same extent Instances arc found in the Grange* {fig, 
92) and the Venus’s Fly-trap (fig. 91) 

In some cases the epipodiuin is not developed, or falls off at 
a very early ago Tlio petiole is then usually very strongly 
winged, and takes on the ordinary function of the blade. Tins is 
seen in some of the Legummosai ; Lathy r us Nissolta of tlie 
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British jSlora is an instance It is much more conspicuous in 
many of the Australian Acacias ; some of their leaves show the 
ordinary pinnate form , others aie similar with the petiole 
winged, and others show the winged petiole only, the ejiiiiodium 
having disappeared. Such a winged petiole is called a ^hyllode, 
and can be distinguished from a leaf-blade by the fact that its 
flattened surfaces aie placed lateially to the stem. A phyllode 
must not be confused with the variety of stem previously de- 
scribed as a phylloelade 

The Bpipodium oi Zieaf-hlade — As already indicated, this 
part of the leaf shows a veiy great variety of foim, langing from 
a cylindrical outgrowth to a very much dissected and flattened 



one. It usually consists of an axis which shows more or less 
eiidenee of branching, the axis itself and its several branches 
becoming winged, or lemaming more or less cylindrical In- 
deed, the epipodmm of the leaf is a bianch system lather than a 
single outgrowth 

The mam axis, though often winged, may be contmued as a 
supx>orting organ on which the branches known as can 

be recognised. The branches of the first cider also frequenjily 
remain cylindrical, and their secondary branches aie the only 
flattened iiortions Sometimes, as in the leaf of the Fennel, all 
the branches are oyhndiical, and there is no flattened expansion, 
the leaf appearing almost filamentous Similai filamentous 
leaves are found in some of the Water Ciowfoots 
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The branching of the epipodium pioceeds on the same lines 
as that of the stem , it is dichotomous in some of the Hymeno- 
phyllacese, a family of Feins , it is monopodial in many Dicot;jy le* 
dons, wheie the branches are produced either aciopetally oi 
basipetally, according to the position of the legion of active 
giowth, it IS cymose in many othei Dicotyledons, It is usual 
to desciibe the types of leaves derived from these modes of 
blanching as pinnate oi palmate respectively, both showing 
consideiable variety of form 

"When the epipodmm axis remains cylmdiical, and its 
branches of the first Older become separately winged, the 
appearance is presented of a number of small winged expan- 
sions, each attached to the axis and each apparently indepen- 
dent Such a leaf is called compound. According to the nature 



of the branching we get the pinnate or the palmate leaf, the 
separate branches being called leaflebs, When the ap(‘\ of the 
epipodium of the pinnate leaf is winged like the branches, the 
leaf IS said to be ^mp<tt qnnnate , when there is no terminal 
leaflet, it ]}arvp innate Yaiious forms of leaves of both t;vpes 
will be described latei 

When the axis is winged as well as its branches, the wings 
of both aie usually more or less united, g^^mg rise to the 
appearance of a single much-dividod lanuiia. Huch lea\os, 
however much diMded, arc classed as nimple leaves. In many 
cases with much blanched ei)ipotha the mam axis and the 
secondary axes aie not winged, while the tertiary axes and 
the ultimate branches aie both winged, and show a fusion of 
the wnjgs, as in fig, 97. Such a leaf shows a combination of 


GENERAL MORPHOLOGY OF THE PLANT 59 


the simple and compound foirms , it is common among the 
Umbelliferae 

The fusion of the wings of the axis and its blanches shows al- 
most every stage of completeness from the compound leaf to the 
simplest flattened expansion Indeed, in many of the lattei the 
only mdication of branching that can be noticed is found m the 
disposition of the 'vasculai bundles which enter each branch, 
giving use to pinnate oi iDalmate venation, as will be described 
latei . \Yhen the fusion of the wmgs is not complete, the several 
blanches are known as lobes It is usual to gne different names 
to the apparent divisions of the leaf based on the degiee of the 
fusion, thus, if they reach to about midway between the margins 

Pie 97 



and midiib {fig 113), oi iietiole (fig 102), they are properly 
called lobes, and the intervals between them fissures, oi m com- 
position the term -fid is used, and the leaf is also said to be 
-cleft , if nearer to the base, oi midrib {fig 99), they are teimed 
jgaTt%t%07is, and the leaf is -jpaitite, if almost down to the base, 
or midrib, they are called segments {fig^ 100), and the leaf is 
d%ssected, oi in composition -sected 

In describing the above leaves we say that they are hfid oi 
two-cleft, ii%fid or three-cleft, gwinguefid or five- cleft, septemfid 
or sevcn-clcft, and multifid or many-clcft, according to the 
numbei of then fissuies, or two-lohed, three-lobed, fou7 -lobed, 
&c., from the number of their lobes Or, a leaf is also said to 
be tr^parUtc or trisected, &c , in the same manner, according to 
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the mimber of segments. When the axis of the epipodium bears 
monopodiaJly branches of the first order, which give rise in 
turn to the pmnse, and all are winged, the wings showing similar 


Tie. 98 


Fig 99 Fig 100 



If 

Fig. 101. 




Fig 102 




Fiq 98 Orwped oi ciuled leaf of a species of 
Mallow 99 rniiiati partite 

leaf ot a species ot Valeiian 

Uwica) lOU rmnatisected leaf of u 

species ot Poppy {Fapavet A/yemoiw) 

Ft (7 101 A decompound leaf Fuif 102 

Palmate leat ot a spec ics of Passion fto\\ ei 
i It ) 


degrees of fusion to those deseiibecl above, we have foims which 
are described as 'bi^^mnatifid^ tibe^ or hijjinnatiaected 

respectively Fuithei degiees of branching and fusion are in- 
dicated by the terms t) ijjinnaUjfid^ &c “When the branching li? 
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very complete, and the ,ultimate wings but little developed, the 
leaf IS called decompounch When the branching is not monopo- 
dial but cynaose, we hBiXQ palmate^ pahnati fid, ov palmatvseoied 
leaves, the degree of fusion between the wmgs of the branches 
being thereby indicated In such leaves the primary aias of the 
phyllopodium does not enter mto the composition of the lamma. 
Cymose bianch systems sometimes show blanches of the third 
ordei, as in the oi pedaiipajtite leaf {fig 104) 

It IS not unusual to find both types of branehmg lepresented 
in the same leaf Fiequently m the palmate \arieties we find 
that while the mam blanches aiise c^mosely, each foims a 
monopodium The nature of the branehmg may generally be 
ascertained by an inspection of the arrangement of the veins or 
vascular bundles, as shown lafig 103, the palmatxfid leaf of the 

Pig 103 Pig 104 




I %q 103 Palmatififl leaf ot tlie Oastor-oil 

Plant (^Ritinu^ commmiis) Fig 104 

Petlatipartite leaf 


Castor- Oil plant Here the phyllopodium gives use cymosely to 
seven branches, each of which develops monopodially. 

Generally the blanches of the epipodium all he in one plane, 
so that the leaf is flattened with its face towards the stem In a 
particular vaiiety of the palmate form known as peltateleB^L 
{fig* 105) this lule is departed from, the petiole being aiiparently 
attached to the centie of the leaf- blade, the plane of which is 
thus almost at a right angle to the direction of the stalk. This 
is duo to the fact that the youngei blanches giow out m fiont 
of the petiole, mstead of m the usual lateral plane, and then 
wings being coherent with each other, the petiole becomes 
appaiently attached to the middle of the lamma 

When the opip odium remains c,\lmdiical, and bears only 
► branches of the first order which are winged, constituting a 
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number of leaflets, these may show at their bases certain out- 
growths lesemblmg the stipules of the piimary leaf-base These 
are known as stijtels , they are present m certain Leguminosae 
as JPkaseohis 

When the mesopodium or petiole is absent, the hypopodium 
oi leaf-base may be winged, and its wings continuous with those 
of the lamina. The stem thus seems to be suiiounded by the 
expanded base of the latter If two leaves aiise on the stem at 
the same node, then* wings sometimes coalesce We have thus 
foimed thB\aiietLes known SkS auric ulate, ^e7fohaic, oi connate 
leaves KjigB. 106 and 107) 

The flattened portion of the epipodiumis always found to be 
strengthened and supported by’ certain stiands ot woody tissue 
which travel se it in vaiious directions These aie in thin leaves 


Fie 105 Picr 106 Fig 107 



Fig 105 Peltate* lexf of Fig 106 Poifoliato loaf of a specie'? 

of HaieVeai i aiimdifolium) Fnf 107 Oonnato leaves* ot 

a species of Hoiie> suckle a Capi ijoliwn) 


Visible as projections on the under surface, but m thick or suc- 
culent ones they aie embedded m the substance of the blade 
These strands are known as the veins ^ and thoir ariangcment 
constitutes the venation of the leaf The latter depends broadly 
on the mode of hiaiiehmg which chaiaeteiises the epipodia. 

There are two marked modifications of venation In the 
fiist modification the flbro-vascular tissue as it enters the lamina 
IS eitliei continued as the midrib ( jig 108), or it divides into 
two or more iibs i figs 109 and 110) , and from tins midrib or 
ribs other veins aie giieii off, and horn them, m like manner, 
smaller lamifi cations or ^elnlets aiise, which unite ivith one 
another so as to form a kind of network. Or, in tho second 
modification, the flbro-vascular tissue is either continued as a 
midjib fl’om the baKse to the apex of the lamina, giMiig off from 
its sides other veins, winch lun paiallel to the margins, and* 
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which aie simply connected by unbianched veinlets {figs. Ill, 
b, and 118) , or it divides at once into several vems or ribs, 
which proceed from the base to the ai^ex {fig 116), or margms 

Fig 108 Fig 110 



F\ t 108 Leaf of the Ghexiy with lanuua, petiole, and stipules Thu Linn ua 
ha's sen ate raaiHints, and a large ccntial vein oi midiih x*a seen to ijrooeed 
fiom the -netiole to the cipe\. ot the leif, and to give off from its sides the 

otlier veins ipmnati Iv veineil) Fi<f lOO Bibbed leaf of Cinnamon with 

entile maigms F\ff 110 leaf ot the M^on with dentate margins 

The venation is said to he lailiated oi palmately veined Fuj 111 n 

Parallel venation of a glass , this vaiietv of venation is eymmonU called 
straight \ eincd h A vaiiuty of paiallel venation Sitmetinies teimed 
curve veined, as seen in the Banana 


{fig, 117) of the blade, more or less parallel to one another, and 
are m like manner connected only by simple paiallel unbianehed 
«7emlets {fig 111, a). The leaves which exhibit the first modi- 
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fication of venation are called Tetvoulated or netied^vevned 
leaves, and occur univei sally in Dicotyledons , and those which 
present the second modifLcation are termed jpay allel-'oevned 
leaves, and are characteristic with some few exceptions of 
Monocotyledons 

(1) Yarv6i%e8 of ^eHculated or Netted Venation 

Theie aie two ]principal varieties of this kind of venation, 
namely, feather -veined or jpvnnately veined.^ and tho radiated 
or ]}almately veined. 


Fia 112, Fig 113 Fig 114 Fig 116. 



F%ft 112 E’eatlier-veiiiGd leaf of the Spanish Chestnut F\q 113 Feather- 

veined leaf of the Oak Its lobes aie diiauged in a piunatilid mannei — — 

Fig 114 Leaf of the Dead-nettle The venation is thetiuc netted, ainl it<? 

mai gins are senate Fig 110 <r Linear leaf & Triple ribbed lent of 

the common Sunflower 

A 'Feather-veined orPmnately veined — In this variety the 
midrib either gives off lateial veins which proceed at once to 
the margms {fiqe 112 and 113), and are connected by numerous 
branching vemlets, as in the leaves of the Beech, Spanish 
Chestnut, HoUy, Oak , or the midrib gives off branches from its 
sides, which proceed at hist towards the margins, and then 
curve towards the apex, terminating finally within the margins, 
with which they are connected by small vems, as in the Dead- 
nettle ( fig 114), and Lilac. 

B. Radiated or Falmately veined — This name is applied to 
a leaf which possesses two or moi e ribs that arise from at o** 
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near the base of the lamina, and diverge from one another 
towards its margins, and are connected by branching veins, as 
in the Melon (Jigf- 110) and Oastor-oil plant (ftgi 108). The 
T'bhhed venatzon, as seen in the Cinnamon {fig* 109), is but a 
modification of this variety, m which the ribs, instead of 
diverging fi:om one anothei, iim in a curved manner firom at 


Fig 116 



Fig 117 



Fig 119 



Fig 118. 



Fig lib Leaf showing the vaiiety ot paiallel venation usually called 

sti aight-T, eiiied , the maigms are entire Fig 117 Straight-veined 

variety of paiallel venation, as seen in the leaf of the Fan Palm iCPiamce- 

7 0 jIjs) Fig 118 Oui \c- veined vaiiety of paiallel venation, as seen in 

the Banana Fig 119 Forked venation of a Fern leaf , the margins 

aie cieinite 


or near the base of the blade to the apex, towards which they 
converge, such ribs being connected together by blanching 
veins. 


(2) Va7^etles of T^arallel Venat%on* 

There are certain characteristic variations of parallel \ ena- 
tion Thus, the mam veins may either proceed in a somewhat 
p«irallel diiection from the base to the apex of the lamina, to 

VOL I. p 
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which point they converge more or less {fig 116), or they 
diveige fiom one another towards the cii cumfei ence of the 
blade (^fig. 117) The leaves of Grasses, Lilies, and the common 
Flag may be taken as examples of the fiist variety , and those 
of many Palms {fig 117) of the second. 

Oi, the leaves may have a idi eminent midrib, as in the 
feather-veined vaiiety of reticulated venation, giving off from 
its sides along its whole length other veins, which pioeeed 
parallel to each other in a stiaight or curved direction towaids, 
and lose themselves in, the maigins {figs 118 and 111, &) , and 
aie connected, as in the last variety, by unbianched veinlets 
The Banana, the Plantain, and allied plants, fiiimsh us with 
examples of this variety This lattei variety is sometimes dis- 
tinguished as the curve-ve^ned, the foimer being commonly 
known as the sirwiglvt-'oevned or aUel-vemed 

We have seen that the freedom or coalescence of the wings 
of the epipodimn and those of its branches lead to the recogni- 
tion of two apxiaiently diffeient tyiies of leaf, the simfile and the 
comjpoiind It will be comenient to discuss the jieculiarities of 
these two kinds sepaiately 

Simple Leaves 

The modifications which simple leaves piesent as regaids 
their maigms, shapes, and other 'v ariations of their blades are 
extremely numerous They aie usually considered under five 
heads, as follows 1 Margins , 2. Incision ; 3 A-pex , 4 General 
Outline , 5 Form. 

1 May gins — We have already stated that the condition of 
the margms is dependent uxion the extent to which the wings of the 
epipodium and its branches are united Thus if the fusion of the 
wings of the several axes is complete and extends to their apices, 
so that the margms are perfectly even, or free from every kind of 
irregularity, the leaf is enime {figs. 92 and 116), as ni those of 
the Orchis order But when the margins are uneven we have 
seveial modifications, which are distinguished by characteristic 
teims. Thus, if the margms present sharp indentations like the 
teeth of a saw, and all point to the apex, the loaf is sett ate 
{figs 114 and 142), as in the common Dead-nettle , or, if similar 
teeth point towaids the base, the leaf is described as retroserratc , 
if these teeth aie tliemselves serrate, it is hiserrato {figs 120, h 
and 131), as m the Elm, and Nettle-leaved Bell-fiowor , or when 
the maigins are minutely serrate they aie termed serrulatc^^Ai^ 
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in Barosma Berrat%folhCb. When the teeth are sharp and pro- 
lect almost or quite at right angles to the margm, the leaf is 
dentate or toothed {figs. 110 and 137), as in the Melon, and the 
lower leaves of the Corn Bluebottle , or when the teeth are them- 
selves divided m a similar mannei, it is dufilicatO’^ dentate {fig 
120, c) When the teeth aie lounded {figs 119 and 143) the leaf is 
cienate, as in the Horseiadish, and Ground Ivj’ , or if these 

Fig 120 

f'Ur'Vv<W>1 

a he 

Fig 120 Diagram of the maigms of leaves a Bicreuate & Bisenate 
c Duplicato-dentate 

teeth aie themselves crenate it is hzcrenate {fig 120, a); or 
when the leaf is minutely crenate it is said to be crenulated 
When the maigins present alternately deep concavities and 
convexities it is sinuated, as in some Oaks {fiq 121) This kind 
of leaf may be regaided as an mteimediate condition between a 


Fig 121 


Fig 122 



Ftg 121 Siniiatcd leaf of the Oak Fig 123 Spiny leaf of the Holly (J(ev 

AquifoliumX with \\ avy margins. 


toothed leaf and one that is pmnatifid {fig 113) When the 
margins are slightly smuous or wavy, as in the Holly {fig 122), 
they are said to be wavy or undulated , or when the margins 
are very irregular, being twisted and curled, as in the Garden 
Endive, Curled Dock, and Curled Mint, they are called czze^ped 
or cmrled {fig> 98) 

• 2. Inczszon — This term is employed when the maigins of 

r 2 
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tlie blades are more deeply divided than in the above mstances 
The divisions are then commonly called lobes* It is nsnajl, 
however, to give diffeient names to these lobes, according to the 
depth of the incisions by which they aie produced Thus, when 
the divisions between the lobes reach about midway between the 
margin and the midrib, the leaf is -cleft or -fid , if the incision is 
deeper, the leaf is Me , if it is cleft almost to the midrib, it 
IS -sected* "\Ve get a series of teims constructed from these tei- 
mmations accoiding to the number of the fissuies, such as b%fid^ 
ti vjpai Me, quad'i isectcd &c. Or, according to the description of 
the branchmg we have ^%nmat^fid or j}ahnat%fid, &c. If the 
divisions are themselves mcised in a similar manner to the 
oiiginal divisions of the lamina itself, the leaf is said to be 


Fig 123 Fig 124. 



Fuf 123 Palmate leaf of a specie'? of Passion-flow ei a) 

Fig 124 Pcilmatifid loaf of the C.istoi oil Plant 


b%^vmiaHfid, b%j^vnnati;^aTMe, &c. Or, if the sulidivisions of 
these are again divided in a similar manner, t7^Jp^nnaihfid, ti i^m- 
naii^co} Me, or tTt,jp%nnati8ected. Or, if the lamina is still further 
divided, the leaf is said to be decomposed or lac'imafed* 

Ceitain modifications of these varieties have also received 
special names , thus, when a pmnately veined leaf is deexdy 
divided, and the divisions are very close and narrow like the 
teeth of a comb {-ftq 125), it is said to be pecUnaie, as in the 
Water Milfoil ; when the terminal lobe of a xiinnately veined 
leaf IS large and lounded, and the lateral lobes which are also 
moie or less rounded become gradually smaller towards the 
base, it is lyvate or ly^^e-sliaped, as in the common Turnip {fitj. 
126) , when the terminal lobe is tiiangular, and the other lotes 
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which are also moie or less of the same shape have their points 
<iirected downwards towards the base of the lamma, as m the 
Dandelion {fig* 127), the leaf is said to be runc%7iate^ or when a 
l^rate leaf has but one deep recess on each side, so that it 
resembles a viohn m shape, it is t&axL&di jgomdurvform ov fiddle- 
shaped, as in the Fiddle Dock (fig 128) 

Special names aie also applied to certain modifications of 
palmately veined leaves as with those which are pinnately 
veined Thus, when the blade of such a leaf is composed of 


Fig 125 Fig 12G 



Fig 127. 



125 reetiiiatc oi comb shaijed leaf Fif/ 126 L>iate leaf of the 

common Tmmp Rapa) Fxtj 127 Rmucinate leaf ot the 

Dandelion {Ta\aiaunm offiunale) — ’-Fig 128 Fwldle shaped leaf of 
llumpf pulcliet 


five or more branches whose wings are united about halfway 
lioni the base to the tip, so that the whole has a resemblance to 
the palm of the hand with spreading fingers, the leaf is termed 
palmate, as in some species of Passion-flower {fig 123). If the 
union IS less complete, as in the Castor-oil plant, the leaf is 
desciibod as pahnabifid (fig 124) There is httle difference 
between these two forms, and it is better to apply the term 
palmate to compound leaves These forms lead on to the com- 
pound leaf alieady described as digitate Other intermediate 
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forms occur. The pedate leaf is a variety of the palmate , 
the branching here is cymose , the apex of the epipodiuin forrq^ 
the largest lobe ; from undei it a branch proceeds on each side , 
from under each of these a single branch is given off on the 
lateral flanh, which itself b^ars another arising similarly. The 
wings of the epipodium and"Tts branches are all united at their 
bases, but the union extends further toTvards the apices of the 
youngest lateral ones The name is derived from a fanciful re- 
semblance to the claw of a bud 

Besides the above modifications of palmately veined leaves, 
other variations also occur, in consequence of the lobes or seg- 
ments of the lamma becoming themselves branched either in a 
pinnate or palmate manner, and terms are used accordingly, 


Fie. 129 


Fio 130 




Fig 129 Leaflet of a specie^. oJt Cai»'^ia It is obovate ni figineoi oiztliao, 

somewbat oblique at the babe, and emaiginate at itb apex Fig 180 

Branch of the Tulip tree i^Lu lodendi ooi tulijgifai ci) 'with flowei and leaves 
The latter teimiuate abruptly, hence they arc faanl to be ii iiiuftre 


the application of which will be at once evident from what has 
been already stated 

3. Ajpex — This vanes much m the blades of different leaves 
Thus the apex is obtuse or blunt, when it is rounded (figs. 186 
and 140), as in the Primrose , it is 'teHiso when it is obtuse witl: 
a broad shallow notch in the middle, as in the Bed Whortloberr;^ 
(Vcuccvnnmi Vtt%s-tdcea) and the leaflets of Logwood , or whei 
under the same ciicumstances the notch is sharp, or nearly 
triangular, it is eynanrgvnate, as in some species of Cass^a (fig 
129), and m the common Box (Buxits semjpervv) em). Whor 
the lamma terminates very abruptly, as if it had been cut across 
in a straight line, the apex is truncate, as in the leaf of th< 
Tuhp-tree (fig. ISO) ; or if under the same circumstances the 
termination is ragged and irregular, as if it had been bitten off 
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it IS jprcsmorse, as in the leaf of Gayyoia urens When the apex 
sharp, so that the two margins form an acute angle with 
each other {Jigs. 182 and 139), it is acute ot eliar^-^ovrited ^ when 
the point IS very long, and tapermg {fig. 137), it is acum%nate or 
iajpeT-'povuted^ as in the leaf of the 'White "Willow and. eommon 


Fig 131 Fig 132 Fig 133 Fig 134 



Fig 137 Fig 138 Fig 139 Fig 140 


131 Xieat ot Elm, with ita maagiiiia biseiiate, and the lamina unequal at 

its base /'’/£/ 132 Unequal or oblique leaf of a species ot Beqoma 

Fiq 133 Lineal leaf ot Groose glass F\g 134 Lanceo 

late leal Fiq 135 Acerose oi needle-shaped lea^es ot Jumper (Jimi- 

pei i/s t.ommnm\) - — ~Fiq I3(> A cuncate and mueiouate-pointed leaf 

Fui 137 Got date* and acuminate leat, with its margins dentate Fiq 

13H Ohlong leat ot Bladdei Senna Fkj 139 Ovate 

leal, with its mat gins seriate Fiq 140 Obovate leat 


Reed , or when it tapers gradually into a rigid point, it is cuspi- 
date^ as in many Bubi When the apex, which is then com- 
monly rounded, has a short hard or softened point standing on 
it, it IS miucronatc {fig 136), as m the leaf of StaUce Diicoronata 
and Laihyrus i>ratmxs%8. 

4. General Ouil%ne ot Figure — By the geneial outline or 
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shape of the lamina we mean the superficial aspect or figure 
which IS described by its margins. The development of thgp. 
wmgs IS usually nearly equal on the two sides of the midrib or 
petiole, so that the lamina of the leaf is in most instances nearly 
symmetrical and of some regular figure ; m which case the leaf 
is said to be equal {figs. 137-140) "When, as occasionally 
happens, the wmg is more developed on one side than on the 
other, the leaf is termed lonequal or oblique ( figs. 129 and 131) , this 
is remarkably the case m the species of Begonia {fig 132) 
Generally speaking, entire leaves with parallel or pmnate venation 


Fig 141 





Fig 

144 


Fiq 141 Spathulate leaf Fiq 142 Oval 

oi elliptical leaf of Peai-tiee {Pin us eom- 

?nnms), senate margins Fiq 143 

Romtorm leaf of Gl-rouiid Ivy {Xepefa 67c- 

choma), •with donate mm gins Fig 144 

Tnfoliato le.xf with obcordato lealSet*? 


aie longer than broad ; while those which are palmately veined 
are more oi less rounded, or broader than long 

When the lamina of a leaf is nearly of the same breadtli at 
the base as near the apex, narrow, and with the two margins 
paiallel {figs 115, a, and 133), the leaf is called linear, as in 
the Marsh Gentian {OenHana Pneumonanilie) and most Grasses , 
when a hnear leaf terminates m a sharp rigid pomtlike a needle, 
as m the common Juniper {fig 135), and many of our Firs and 
Larches, it is aceoose or needle-shajged. Wlien the blade of a 
leaf IS very narrow and tapers from the base to a very fine point, 
so that it resembles an awl m shape, as in the common Furze 
{TJlex em o^pceus), the leaf is subulate or awl-shaped When the 
blade of a leaf is broadest at the centre, three or more times as 
long as 'bioad, and tapers peiceptibly from the centre to botli 
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base and apex, as in tbe White Willow (Sahx alba), the leaf 
,is lameeolate {.fig. 184) , when it is longer than broad, of about 
the same breadth at its base and apex, and slightly acute at these 


Fia. 146 



Fia 147 



Fig 148 



Fig 149 



Fiq 146 Lunato oi ci escent-sliaped leaf Fiq 146 Sagittate leaf 

Fiq 147 BTastate leaf —~^Fiq 148 A poition of the stem of the 'Woody 
Nightshade (.Solan um Dulcamaui)^ bearing floweiiiig stalk and an amicu 
late leaf Fiq 140 A sub-iotuiid oi rounded leaf, with entire margins 

points, it IS oval oi ell%^t%cal {fig 142), as m the Lily of the 
Valley {Oonvallaria ma^joks) , or if under the same circum- 
stances it IS obtuse or rounded at each end {fig^ 138), it is oblong 
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If tlie lamina of a leaf is more or less lounded at the base and 
broader at this part than at the apex, so that the whole is of thei^ 
shape of an egg cut lengthwise, the leaf is ovate or egg-slia^wd 
{fig 139), as in the Lilac , or if of the same figure, but with the 
apex broader than the base {fig 140), it is obovaie or vnversely 
egg-shajped When the lamina is broad at the ajoex, and 
abrupt-pointed, and tapers towards the base {fig 136), as in some 
Saxifrages, the leaf is cnneaie or wedge’^sliajped , oi if the apex 
is broad and rounded, and tapers down to the base {fig 141), it 
IS sppathidate^ as in the Daisy When the lamina is broad and 
hollowed out at its base into two rounded lobes, and more or less 
pointed at the apex, the leaf is cordate or hea'> t-ahaped {fig* 
137), as m the Black Bryony {Tamils commums) , oi if of the 
same shape, but with the apex broader than the base, and 
hollowed out into two rounded lobes, it is ohcoidate or vriveisely 
heart-shaped {fig 144). When a leaf lesembles a cordate one 
generally in shape, but with its apex rounded, and the whole 
blade usually shorter and broader {fig 143), it is remfoym or 
Tiidney -shaped f as in the Asarabacca {Asariim eio opceiim) , 
when a leaf is remform but with the lobes at the base of the 
lamina pointed, so that it resembles the form of a orescent ( fg 
145), it IS lunate or o eacent-shaped, as in Taaa%flora lunaia* 
When the blade is bioad and hollowed out at its base into 
two acute lobes, and pointed at the apex, so that it resembles 
the head of an airow {fig 146), the leaf is sagittate or ariow- 
shaped, as in the Arrowhead {Bagvitaria sag ittvf olio) , when 
the lobes of such a leaf aie placed horizontally, instead of pass- 
mg downwards, it is hastate or halhert-shapcd {fig* 147), as m 
Sheep’s Sorrel {Rumeso Acetoaella) , or when the lobes are 
entirely separated from the rest of the blade, as in the upper 
leaves of the Woody Nightshade {Solanum Dulcamara), it is 
awi%culate or hast ate- aur^cled {fig* 148) 

It frequently happens, that a leaf does not distinctly present 
any of the above -described figures, but exhibits a combination 
of two of thorn, in which ease we use such terms as ovate- 
lanceolate, Ivneay -lanceolate, cordate-ovate, cor date -Jam ccolafe, 
elhptico-lcmceolate, roundish-ovate, &c , the application of which 
will be at once evident 

In many cases we find loaves of different figures on the 
same plant , under which circumstance the plant is said to be 
heterophyllous. Thus, in the Hairbell {Oampamnila roiundi- 
folia), the radical leaves are cordate or remform, and the 
cauline leaves lineai ; and this difference of outline between tlio 
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radical and stem leaves is by no means uncommon In watei 
plants, again, where some of the leaves are submersed, while 
others float on the water, or rise above it mto the air, as in the 
Water Crowfoot (JBanunculus aquaHhs), and Aj^rowhead {^8ag%U 
ta/r'bcu 8ag^ii^fol^a), the leaves thus differently situated frequently 
vary in shape. 

5 JB'orm — By this term we understand the solid configiu a- 
tion of the lamina The terms used m defining the various 
forms are therefore especially applicable to thick or succulent 
Leaves Such leaves either assume some regular geometrical 
forms, as cyVindihccbl^ jpyra77vidal, cooiical, pris^natic, &c , and 
leceive coirespondmg names , or they approach m form to some 
well-known objects, and are hence teimed ac%ciblar^ ens'ifo'tTiv^ 
&c. Various other singular forms are also found, some of which 
wull be hereafter alluded to (pages 89-91). 

Besides the above desciibed modifications which the blades 
of leaves present in reference to their Mm gvns^ Inc%B%on^ Ajpex, 
OutUne^ and Form, they also present numerous othei variations 
as regards their sv/tface, texture, colom , &c 

Co7npou7id Leaves, 

We have already defined a compound leaf Its sej)arate leaf- 
lets are subject to the same modifications of their margms, in- 
cision, apex, outline, form, texture, surface, colour, &c., as the 
blades of simple leaves, and the same terms are aceordmglj 
used m describing them We have therefore only now to 
speak of compound leaves as a whole, and the terms which 
aie employed in describing their special modifications. We 
divide them mto two types the F%rmate and the Palmate or 
Lvg'iiate, 

1. Pvnnate Corngtound Leaves — When a leaf of this type 
presents the appearance of several distinct portions or leaflets, 
it IS termed gvnnate {figs, 93, 94, 150) , and the leaflets aie 
then termed gvnnce. The leaflets are arranged in an opposite 
manner along the sides of the rachis or common petiole in 
liairs, and according to their number the leaf is said to be 
umjugate or one-gem ed, as in several species of Lathyrus 
{fig 185), hv/ugate or two-gavred , irvjitgate oi ilvi ee-gaired \ 
and mvMvjibqate or many-gavi ed {fig 93). Several kinds of 
innnate leaves have also been distinguished by special names. 
Thus, when a pinnate leaf ends m a solitary leaflet {fig 93) 
as m the Eose and Elder, it is %mgar%g%nnate oi unequally 
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jjznnate, or jnnnate luith an odd leaflet , it is equally or ahru;ptly 
jpznnate^ or when it ends m a pair of leaflets or 

pinnae {fig 94), as in some species of Cass^a, the Mastich plant 
(Pistacta Lent%scus)i Logwood {^mnatoxylon ca7n;pecli%anuni)^ 
and 07ohu8 10661 osus , and it is %ntei lujptedly ^%nnate {fig 150) 
when the leaflets are of different sizes, so that small pinnae 
are regularly or niegulaily intermixed with larger ones, as in 
the Potato {Bolanum tuheiosum) and Silver Weed {PotenHlla 
anset tna). Or, when the terminal leaflet of a pinnate leaf is 
the largest, and the rest gradually smaller as they approach the 

Fig 150 


Fig 151 


JFig 160 Intel ruptedlv pinnate leaf of the Potato JF'it/ 161 Lyrately 

pinnate leaf ^n/ 152 Bipinuate leaf of n species of Q-leditsclua 

base (fly 151), it is lyrately jp%?inaie, as in the common Turnip 
This leaf and the true lyrate form often run into each other, so 
that it is by no means uncommon to find both varieties of leaf on 
the same plant, as in the common Turnip and Yellow Itockot* 
When the leaflets of a iiinnate leaf become themsohes 
pinnate, or, in other woids, when the partial axes which are 
ai ranged on the common one exhibit the characters of an 
oidmary pinnate leaf, it is said to be hiqnniiate {fig 152); the 
leaflets borne by the paitial or secondary axes are then com- 
monly termed pinnules When the pinnules ol a bipmnato leaf 
become themselves pinnate, it is ti ij^^nnate {fig. 97), as m the 



Fig. 152. 
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jMeadow Eue (Thalictriim minus), and the common Parsley, 
it commonly happens, hovte'ver, that in these lea’ves the upjier 
leaflets are less divided, as in yig. 97. If the division extends 

Fig 153 Fig 154 Fm 155 



153 A binatc bitoliate leaf Fity 161 Teriiato or tiitoliate leaf 

Fu/ 165 Quadritoliate leat ot Mmnlen qtuidufolia Fiff 156 Quinate 

or quiiiquefoliate leaf Fig 167 Septeuate leaf of tlie Hoisecliebtuut 

i^E‘sCUlu<t Ilqipouistamini) Fig 15b Multifoliate leaf ot a Lupin 

Fig 159 A bitei uate Icat 

beyond this, the leaf is decom^jound {fig* 101), as in many 
XJmbclhferotis plants. 

2 Palmate Leaves , — Such a leaf is formed when 
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the axes of a palmately \eined leaf bear separate leaflets; and 
hence these leaves are readily distinguished from those of the 
pmnate hind by then leaflets coming off from the same point, 
instead of, as in them, along the sides of a common petiole 
AVe distinguish seveial kinds of such leaves , thus, a leaf is said 
to be hinate, b%foHate^ oi imijugate, if it consists of only two 
leaflets spiinging horn a common point {fig 153), as in Zygo- 
yliyTkim , it is ternate or ti ifolvate if it consists of thiee leaflets 


Fig 160 



arranged in a similar manner {figs. 144 and 154), as m the 
genus Tr%foVbum, which receives its name from this circum- 
stance , it IS quadmnate or guadr%foliOjt6 if there are four 
leaflets \^fig 156) ; it is qmncute or qwznquefoliate if there are 
five {fig. 156), as in Foieiitilla argentea and P alha^ it is 
septenate or sejptemfoJ/iate if there are seven {fig. 167), as in 
the Horsechestnut and some Potentillas , and it is mult%foKate 
if there are more than seven {fig, 158), as in many species of 
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Lupin The term digitate is generally used when the segments 
of such a leaf are long and narrow 


2 INSFRTION AND ARRANGEMENT OF LEWES, 

(1) Insertion — The ]pomt bj which a leaf is attached to the 
stem or bianeh is called its inseition Leaves aie inserted on 
vaiious paits of the stem and blanches, and leceive different 
names accoidmgly Thus the fiist lea\es which are developed 
aie called cotyledons {fig. 16, c, c), oi nuising leaves The 
cotyledons are usually very different in their appearance from 
the ordinary leaves which succeed them The first lea\ es 
which appear after the cotyledons are tewnedL^^rimordial , these. 


Pig 161 


Pig 162 



Ftg 161 Whoiled leaves of a species of Galium Fuj 162 Decussate 

leaves of Pimelea demssata 


and the cotyledons, generally peiish as soon as, or shortly 
after, the development of the other ordinary leaves Leaves 
are called 7 adical when they arise at, or below, the surface of 
the ground, and thus apparently fi.om the loot, but really from 
a shortened stem, or cioivn of the root, as it is commonly called 
Leaves aie thus situated in what are termed acaule&cent plants, 
such as the Dandelion and Piimrose The leaves which arise 
from the mam stem are called catoline , those fiom the branches 
ramal 

(2) Arrangement of Leaves on the Stem or Phvllo- 
TAXis — The term phyllotax^s is used m a general sense to 
indicate the v’-arious modes m which leaves are arranged on the 
stem or blanches Theie aie two main types of such arrange- 
iSaent, depending on whether one leaf or more than one is pro- 
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duced at a node In the former case the leaves are scattered or 
alternate, m the latter, they are said to be wlio^led {-fig 161) 
The leaves constituting a whorl are usually placed symmetrically 
round the stem, being at equal distances laterally ftom each 
other When tlieie aie only two leaves in each whorl, they are 
said to be o;pjgosvte. When leaves are opposite, the pairs as they 
succeed each otliei usually cross at light angles, in which case 
they aie said to decussate {fig. 162), and the arrangement is 
called decussation When different whorls succeed each other 
it also frequently happens that a somewhat similar airangement 
occurs 5 thus the leaves of one whorl correspond to the intervals 
of the whorl below it. There are, however, commonly great 
irregularities in this respect, and in some cases the number of 
leaves in the successive whoils vary, by which their arrange- 
ment becomes still more comphcated. This is the ease, for 
instance, in Ijys^macTvia 'oulgar'is 

It sometimes happens that, by the non- development of the 
internodes of an ax:illary branch, all the leaves of that branch 
are brought close together, in which case they foim a tn>ft or 
fasc%cle {fig 163), and the leaves are then said to be tufted or 
fascicled Such an ariangement is well seen in the Barbeiry 
and Larch That fascicled leaves aie thus produced is rendered 
evident by the fact that m the young branches of the Laich the 
internodes become elongated and the leaves are then separated 
from each other 

1. Alte’inate heaves. — Though this arrangement is often 
termed scattei ed, it does not follow that there is necessarily any 
irregularity in the position of the leaves Indeed, it would be 
better to term the airangement sjnral, as each leaf can be ascei- 
tamed to be placed upon an imaginary spiral line winding s;>m- 
metrically round the stem, and being at a distance from the ne\t 
upon the spiral which may be expressed by a fraction of the 
eircumfei enoe of the stem. This distance, which is usually 
constant, is known as the divergence of the leaf This spiral 
can be tiaeed and the divergence ascertained by counting from 
any particular leaf to the fiist one vertically above it. Thus if 
wre take a branch of the Apple or Chei'ry-troe {fig 164), and 
commence with any particular leaf which we will mark 1, and 
then proceed ujiwards, connecting in our course the base of each 
succeeding loaf by a line or piece of string, we shall find that 
we shall pass the leaves marked 2, 3, 4, and 5, but that when 
we reach the one marked 6, this will correspond verticlilly 
with the 1st , and then proceeding further, that the 7th will be 
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directly over the 2nd, the 8th over the 3id, the 9fch over the 4th, 
tjjie 10th over the 5th, and the 11th over the 6th and 1st ; so 
that in all cases when a sixth leaf is reached, including the 
one started from, a straight Ime may be drawn firom below 
upwards to it These lines that can be drawn vertically down 
the stem tlirough the leaf-bases are known as orthostzchzes^ and 
the imaginary spiral line is called the genetic s^iial If we 
refer again to the airangemenfe of the leaves m the Cherry or 
Apple, we shall find that befoie we airive at the sixth leaf {Jig 
164), which IS over the first, the strmg oi line used to connect 
the base of the leaves will have jiassed twice round the ciicum- 
feience of the bianch The pomt where a leaf is thus found, 
which is placed in a straight line, or peipendicularly over the 
first, shows the completion of a series or cycle ^ and thus m the 


Fig 163 


Fig 164 



Fiq 16«J Fascicled oi tufted leaves ot the 

Laioh Fit! 164 A poitiou ot a bianch 

ot the OheKcy-tiee uitli six leaves, the sixth 
ot ^\hlch IS placed vertically over the fiisfc 
'Ihe nght-hand figure is the same bianch 
magnified, the leaves having been ieniove<I, 
and numbers placed to indicate the ijointb 
of then inseition 



Cherry and Apple the cycle consists of five eaves As the five 
leaves aie equidistant fiom each other, and as the line which 
connects them passes twice round the stem, the distance of one 
leaf from the other will he % of its circumference The fraction 
therefoie, is the angulat d%’o€i gence^ or size of the aic inter- 
posed between the insertion of two successive leaves, or then 
distance from each other expressed in jiarts of the circumference 
of the ciicle, that is ^ of 860° — 144^, the numerator indicates 
the number of turns made in completing the cycle, and the 
denominator the number of loaves contained m it The suc- 
cessive leaves as they aie produced on the stem, as we have 
seen, are also arranged in similar cycles This airangement in 
cycles of five is common in Dicotyledons. It is termed the 
qiX%ncunc%al. ;penia8t%cho'W8^ or five->rcmTi,ed arrangement 
von. I Gt 
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A second vaiiety of arrangement m alternate leaves is that 
which IS called d^sHclious or tiuo-^ anlced Here the second leaf 
IS above and directly opposite to the first {fig 165 ), and the 
third bemg in lilie manner opposite to the second, it is placed 
vertically over the first, and thus completes the cycle, which 
here consists of but two leaves , the fourth leaf again is over the 
second, and the fifth over the third and fiist, thus completing a 
second cycle , and so on with the successive leaves. Here one 
turn completes the spiial, so that the angular divergence is J the 
circumference of a circle, or 5 of 360 ® — 180 °. This arrangement 
IS the normal one in all Grasses, and man;v other Monocotyle- 


Fig 165 Fio 166 



105 Poibioii ot A biancli ot the Lime tiee, \\ itU lt)ui leave's anaiigeil in 

a distichous or Uio-ianked manuei lOG Poifciou of a bianch \\ ith 

the babe of the leaves of a specie's ot Cat r'r, show ing the tiistichous oi thi co 
lauked arrangement The uumbeis indicate the buccebbive bases ot the 
leaves 


dons , and the Lime-tree {fig 165), and other Dicotyledons, 
exhibit a similar arrangement 

A thud ^arlety of arrangement m alternate leaves is the 
trzstichous or th? ee-'t miked {fig 166) Thus, if we start with any 
leaf, and maik it No, 1, and then pass to 2, 3, and 4, w^e shall 
find that w^e shall make one turn round the stem, and that the 
fourth leaf is vertically over the fiist, and thus completes a cycle 
composed of three leaves In hke manner, the fifth leaf will be 
o\ei the second, the si\th over the third, and the seventh ovei 
the fourth and first, thus completing a second cycle , and so on 
with the succeeding leaves Here the angular divergence is 
or one turn and three leaves, that is, J of 360° « 120°. This 
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arrangement is by far tlie more common one among Monoco- 
tyledons 

A fomtli variety of Phyllotavis in alternate leaves is the 
octasiicJious or eigJit-) anhed Examples of this variety occur in 
the Holly and Aconite. In this the ninth leaf is over the first, 
the tenth over the second, the eleventh over the thud, and so 
on, thus taking eight leaves to complete the cycle, and, as 
the spiral hne heie makes thiee turns loimd the stem, the 
angular divergence will be | of the cucumference, that is, ^ of 
360° « 135° 

The above aie the moie common varieties of Phyllotaxis, 


Fig 167 


Fig 168 




Fit/ 167 Pineapple fimt i,Fo?oi,ts), smnioniited b> a ciown ol empty biacts 
Fig 168 Gone o± the Scotch Fu 


but a number of others also frequently occur, as ift:, u, u, 
&c 0th ei -vaxieties met with are ■3\» &c. , also 

h h A* ii» others of a rarer occurrence. 

These become more comphcated as the nmnber of leaves, &:c , 
rn the sprre rs rnci eased , but m those cases where the leaves, 
&e , are so numerous as to be close to each other, as in the 
Bcrew-pine, the Pmeapiile (fig 167), and in the fiuit of 
Gonifeious plants {fig 1G8), a spiral arrangement is at once 
evident 

By placing the fractions lepiesenting the angular divergence 
^n the different ^ arietres of Phyllotaxis side by side m a line, 
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thus — 5, i I, I, /xj 44j Hi 5 i* f> A» 3 ®tj *^ 0 ., we 
see at once that a certain relation exists between them , for thp> 
numerator of each fraction is composed of the sum of the 
numerators, and the denominatoi of the sum of the denomina- 
tors of the two preceding fractions , also in the first senes, that 
the numerator of each fraction is the denominator of the next 
but one preceding By applymg this simple law therefore \ve 
may contmue the series of fractions representing the angular 
divergence, &o , thus 

It should be mentioned with respect to the laws of Phyllo- 
taxy, that they are frequently interfered with by accidental 
causes which produce coi responding interruptions of glow th, so 
that it is then difficult, or altogether impossible, to discover the 
regular condition 

All the abo\ e varieties of Phyllotaxis in which the angular 
divergence is such that the orthostichies aie vertical and the 
leaves completmg the cycles aie thus directly over those com- 
mencing them, are called Tectiser%al , while those in which the 
divergence is such that the orthostichies themseh es are slightly 
twisted spirally, aie termed outviseyiah The fiist forms of 
arrangement are looked upon as the normal ones, the latter 
will show the imx)Ossihility of bunging organic foims and 
arrangements, in all cases, under exact mathematical laws 

We have thus endeavouied to show that when leaves aie 
alternate, the successive leaves foim a spiral lound the axis 
The spire may eithei tiun fiom right to left, oi fiom left to 
light In the majority of cases, the direction in both the stem 
and blanches is the same, and it is then said to be liomodt omous^ 
but instances also occasionally occur m which the direction is 
different, when it is called lieterodromom 

2 Ojpjpos%te and Wliorledijeaveb , — We have already observed 
with regard to these modifications of arrangement, that the suc- 
cessive pairs, or whorls, of leaves, as they succeed each other 
(page 80), are not commonly inserted immediately ovei the 
preceding, but that the second pan {-fig 162), or whorl, is placed 
over the intervals of the first, the third over those of the second, 
and so on. Here, therefore, the third jyaix of leaves will bo 
directly over the first, the fourth over the second, tho fifth over 
the third, and so on. Tins arrangement occurs in plants of the 
Labiate and Olive orders, and is called decussation, as previously 
noticed. In some cases tho succeeding pairs or whorls are not 
thus placed directly over the intervals of those below, but a little 
on one side, so that we shall have to pass to some higher pair or 
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whorl than the third, before we arrive at one which is placed 
directly over the first. Bxieh arrangements, therefore, clearly 
^ow that the successive panrs and whorls of leaves are arranged 
in a spiral manner with regard to each other. Opposite leaves 
may be thus looked upon as produced by two spiials proceeding 
up the stem simultaneously in two opx)osite directions , and the 
whorl as formed of as many spuals as there are component leaves. 

The constituent leaves of a whorl aie usually of the same 
age, but not always so In the ChaiaceaB the members of the 
whoil are developed in a definite sequence. Spurious whorls 
may arise in certain eases wheie m the bud one leaf develops 
fiLom each of many nodes, which at that time aie close together. 
By non-develox)ment of some of the mteinodes, many of these 
leaves continue m close proximity, and such clusters bemg 
separated by giowth of a particular mternode between them, 
the originally spiral arrangement is lost and a whorled one 
apparently takes its place. The members of each spurious whorl 
are, of course, of difieient ages 

The alternation oi opposition of leaves is geneially constant 
in the same species, and even m some cases thioughout entire 
natural orders Thus, the Borage order {Boi agmacece) have 
alternate leaves, the Pink ordei (CaiyoiiJiyllacece), opposite, 
the Labiate order (Labiatce), opposite and decussate , the 
Leguminous order (Legumznosce), alternate , the Bose order 
(JRoscicecs), alternate, &e. While the opposition or alternation of 
leaves may be thus shown to be constant thioughout entiie 
natural orders, yet the change from one airangement to another 
may be sometimes seen upon the same stem, as in the common 
Myitle and Snapdragon Other opposite-leaved plants also 
often exhibit an alternate aiiangement at the extremities of 
their young blanches when these grow very rapidly In other 
cases alternate leaves may become o]3posite, or whorled, by the 
non- development of the successive mteinodes by mterriiptions 
of growth or, if the whole of the mternodes of a branch become 
lion-developed, the leaves become tufted or fascicled (yig. 168), as 
already noticed. Generally, however, the relative position of 
leaves is so constant in the same species that it forms one of its 
characteristic distinctions 

A certain order of arrangement may often be noticed between 
the leaves of a stem and those of the branches springing from 
their axils. Thus m Dicotyledons which have opposite leaves, 
the pair of leaves first produced upon a branch usually decussate 
w^th the leaf at its base In Monocotyledons the first leaf is 
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placed apon the side of the branch nearest to the stem, sub- 
tending thus the leaf from whose asil it arises 


d ARRANGEMENT OF THE LEAVES IN THE BUD. 

Having now desciibed the general arrangement of leaves when 
in a fully formed and expanded state upon the stem oi branch, we 
have m the next place to allude to the different modes^in which 
they are disposed while in a rudimentary and unexpanded con- 
dition in the bud We may consider, 1st, The modes in which 
each of the leaves considered independently of the others is dis- 
posed , and, 2nd, The relation of the several leaves of the same 
bud taken as a whole to one another These may be spoken of 



Fig 170. Fig 171. 



Fig 174 



Fig 172 Fig 173 



Fig 175 



169 Vertical bection o± a leclinate leaf Fit/ 17{) Tiaubvei so section 

of a couduplicate leaf Fu/ 171 a^iaiisveise section oi a pUited oi pli- 

c^ite leaf Ft<y 172 Yeitical bection ot a ciicinate leat Fk/ 173 

Tiausveise &eotioii ot a convolute leal Fkj 174 I'ruiisveiEO section ot 

a revolute leaf Fu/ 176 Transveiao section ol an involute leal 


verncbHon j^refoViaiion respectively In the first place we 
shall consider the modes m which each of the loaves considered 
sepal ately is disposed We ariange these again in two divi- 
sions ; — 1st, Those in which the loaf is simply he^it or j- aided ^ 
and 2nd, Those where it is 7 oiled Of the first modification wo 
have three varieties • — Thus, 1st, the upper half of the leaf may 
be bent upon the low'er, so that the apex appioaches the base 
{fig 169), as in the Tulip-tree , it is then said to be Qeclvtiate or 
i7iflexed , 2nd, the right half may be folded upon the loft, the 
ends and midrib or axis of the leaf remaining immovable {fig 
170), as m the Oak and Magnolia, when it is called aoncht^yhcate*^ 
01 , 3id, each leaf may be folded up a number of times like a 
fan {fig^ 171), as in the Sycamore, Currant, and Yine, wheimt 
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IS plaited ox plicate. Of the second modification we have four 
varieties . — 1st, the apex may be rolled up on the axis of the 
leaf towards the base, hke a crosier (fig. 172), as in the Sundew 
and Ferns, when it is cucznate, 2nd, the whole leaf may be 
rolled Tip from one maigin into a smgle coil, wnth the other 
maigin exterior {fig 173), as m the Aplicot and Banana, m 
which case it is convolute , Bid, the two maigms of the leaf may 
both be rpUed inwards on the nppei surface of the leaf, tow ards 
the midiib, which lemains immovable {fig- 175), as m the 
Violet and \7ater lily, when it is involute^ or, 4th, the two 
maigins may be rolled outwaids oi towards the midiib on the 



Fiff 176 Transverse section of a bud to show the leaves arranged lu a val- 

vate manner Fiq 177 Tiansverse «ection ot a burl to show imbricate 

vernation Fig 178 Transverse section of a bud to show twisted oi 

Spiial vernation Fig 179 Tians’verse section ot a bud to show indu- 

plicato vernation Fuf 180 Transverse section ot a bud showing equi- 

tant vernation Fitf 181 Transveise section of a bud showing obvolute 

vernation Fig 182 Trausvase section of a bnd showing snpervolute 

a ernation 


lower surface of the leaf {fig, 174), as m the Dock and Azalea, 
m which' case it is revolute 

We pass now to consider, secondly^ the relation of the several 
leaves of the same bud, taken as a whole, to one another. Of 
this we have several varieties which may also be treated of in 
two divisions — 1st, those in which the component leaves are 
fi>at or slzgJhtly convex , and 2nd, where they are hent or rolled 
Of the first division we shall describe three varieties — 1st, that 
in which the leaves are placed nearly m a circle or at the same 
level, and in contact by their maigins only, without oveilappmg 
each other {fig 176), when they are valvate; 2nd, that in which 
the leaves are placed at different levels, and the outer sncces- 
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sively oveilap the inner to a greater oi less extent by then mar- 
gins {fig- 177), as in the Lilac, and in the outer scales of th^e 
Sycamore, when they are said to be vin'br%cate ^ and 3rd, when 
leaves aie placed as in imbricate vernation, and one margin of each 
leaf overlaps that of another, while the other maigm, in its trim, 
IS overlapped by a thud {fig 178), the vernation is twisted or 
al Of the second division, vdr:. where the component leaves 
of the bnd aie hent or 'tolled^ we shall describe four varieties — 
1st, when involute leaves are apphed together in a circle without 
overlapping {fig 179), they are said to be %nduplzcate ; 2nd, if the 
leaves aie conduphcate, and the outer successively embrace and 



Fiq 183 A poitioii of a blanch, of the Baibeii y (^Hp) hPii^ vnlnco /s), boaung 
spiny leaves The iippei Icat m comiiosod entiioly of hardened veins 

witliout any paiencliyma between thorn Fif/ 181 Apoitionofabrauch 

of the G-oosebeiry (Rihe^ G)os<iuln)ta) f Spiny stipuh*^ c Spine le- 
placing loaf 


Sit astiide of those next within them, as if on a saddle {fig- 

180) , as in the Privet, and the loaves of the Ins at their base, they 
are equitanb ^ 3id, if the half of one conduphcate leaf lecoives 
in its fold the half of another folded m the same manner {fig 

181) , as m the Sage, the veil ation is Ualficgniiant or ohvolute , 
and 4th, when a convolute leaf encloses another which is rolled 
up in a like manner {fig 182), as in the Apricot, the vernation 
IS snpervoVwte 

The terms thus used in describing the different kinds of ver- 
nation are also applied in like manner to the component parts 
of the flower-bud, that is, so far as the Horal envelopes are con- 
cerned, under the collective name of cestvoat ion >oi ^rcefloTcition, 
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TVe shall have theiefore to refer to some of them again, together 
^nth otheis, not found m the leaf-bud, ^lien speaking of the 
^ower bud. 


4 OTHER MODIFICA.TIONS OP THE LEAF. 

Besides the kinds of leaf which we ha\ e now examined, there 
oecui others wdiich seive \airioiis purposes, and are frequently 
adaptations to special habits of life , such are siJinoiis leaves, 
leaf-teyidiils, and s Either the whole leaf or part of it 

may mideigo modifications of this kmd We ha\e agam the 

PiGr 185 Fio 187* 



Fig 186 

Fir/ 185 Leaf of a specie^ of Lathy) us^ sliowing a winged petiole, wntli two 

halt sagittate stipules at it% base, and terminated b 5 a tendril Fvj 186 

A portion ot the stem ot Lathy) ws Aphata^ with stipules, 9, and cirrhose 

petiole, V Fi{/ 187 A poition of the stem of Stmlar^ bearing a petiolate 

leaf, and two teudiils in place ot stipules 


vaiious forms of scaly or cataphyllary leaves, and the leaves 
specially connected with reproductive structures, including the 
sporophylls and other leaves of the flower and inflorescence 

Sjpvnes of Leaves — Any part of the leaf may exhibit a spmy 
character owing to the non-de'^ elopment or diminution of paren- 
chyma, and the hardening of the veins Thus, — 1st, m the 
Holly {fig* 122) and many Thistles {fig* 80), the veins iiroject 
beyond the blade, and become hard and spmy , while in the 
Barberry {fig. 183) the blade has little or no parenchyma pro- 
dPLiced between its veins, which are of a spiny character, so that 
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the whole lamina becomes spinous. Spines of leaves may be 
readily distmguished from the spines alieady described (page 42)^ 
which are modified blanches, because in the latter case they 
always arise from the axil of the leaf, instead- of fiirom the leaf 
Itself Spines may be readily distinguished from prickles by 
their internal structure 2nd The epipodium may assume a 
spiny character, as in some species of Asii agahts , ov {-flg 184, c) 
as m the Goosebeir 3 " And, 3id The stipules may become 
transformed into spines, as in Hoh'ima Pseud-acacia {fig 93). 

Tendrils of Leaves — Any pait of the leaf may also become 
cirrhose oi transformed into a tendril Thus, — 1st The midrib 
of the blade of a simple leaf may project beyond the apex, and 


Fig 188 



Fig 189 Fig 190 



ruf 188 Pitcliei of a species ot Titchei Plant (iYt'2)f*tithes (hsUUatona) p 

Pitcher clossed by the lid, I F7f/ 189 Pitcher ot the Sule-saddlc I?laiit 

(jSUj i acema pw pu/ ea) Fig 1 91 ) Pitclieis ot Ilelia)ti2>hoi « 


form a tendril, as in Gloi losa swperha , or some of the leaflets ot 
a compound leaf may become transformed into branched tendrils 
{figs. 84 and 185), as in certain species of Latliyrus, and many 
other Legummosse. 2nd The petiole may become cirrhose, as 
in Laihyrus Afiliaca {fig. 186, v) And, 3rd The stipules may 
assume the form of tendrils , thus in many species of S^nilax 
there are two tendiils, one on each side of the base of the 
petiole {fig 187), in pfece of the ordinary stipules. 

Ascidia or Pitchers. — These are the most remarkable of all 
the anomalous forms presented by leaves They may be seen 
in the species of Nepenthes or Pitcher-plants {fig. 188), in the 
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species of Saiiacenicb or Side-saddle-plants {fig 189J, and in 
giany others. Ixi Bai racenicb {fig 189), the pitcher appears 
to be originated much as is the peltate leaf , by further basal 
gio-wth it becomes tubular In the Nepenthes {fig. 188), the 
petiole IS winged for a ceitain distance, then assumes the ap- 
peal ance of a tendril, and ultimately beais a pitcher, gy ; this is 
closed above by a hd, ?, called an opeieulum, which is imited to 
it by an articulation The pitcher is foimed out of the lamina, 
and the operculum is the terminal lobe. 

Bgmtant Leaves — A peculiar foim of leaf is seen in Itis^ 
Phojimum, and ceitain other ]Monocot;^ledonous plants The 
leaf IS long and nariow in comparison Tvith its length, and its 
flattened surfaces are directed lateially like those of phyllodes 
Its construction can be determined by an inspection of its base, 
wheie it is seen to be split paitly up one edge, the spht embiacmg 
the next leal The blade is, in fact, folded along its centre, and 
the upper surfaces of the folds aie imited together along neaily 
the whole of the lamma One edge ol the blade so conesponds 
to the conjoined margms of the le^f, the other to its central Ime, 
and the two sides to the whole dorsal surface. The upper sui- 
faee is only exposed at the sheathmg base 

Scaly or Catapliylla't y Leaves — These are of very simple 
structure, and may geneially be regarded as leaves that have 
remained rudimentary. They occur as coverings to buds, thin 
membranous coatmgs to tumcated bulbs and corms, fleshy leaves 
coating bulbs, &c They do not contain chlorophyll, and are 
consequently never green m colour In some parasitic and 
sapiophytic plants, such as the Broom-rapes, and ceitain oichids, 
these replace the ordinary foliage leaves 

Floral Leaves — These include the vaiious forms which occm 
m connection with the repioductive organs They wull be dis- 
cussed latei in more detail Thev show much peculiaiity of 
form, colour, and ariangeiuent 
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CHAPTEB II 

MORPHOLOGY OP THE REPRODUCTIVE ORGi 

The life of an individual being but limited in its duration, we 
find various mechanisms existing to continue bbe existence of 
the species , these form the Bepioductive Organs We have seen 
that new individuals aie produced from existing ones by various 
methods, which may be grouped into three classes, known 
respectively as the vegetative^ the asexual, and the sexual* 

Instances have aheady been given of the oiigination of 
special adventitious buds upon vaiious paits of plants which, 
becoming detached ftom the paient foim, can carry on inde- 
pendent existence. Such are the young plants arising on the 
stolons or runners of the Strawberry, or on the leaves of 
Bryo2pliyllum all such belong to the first gioup We have also 
found that certain foims of plants produce fiom time to time 
special cells which fall away nom the parent and are by them- 
selves ca^Dable of giving use to other forms These asexual 
cells are known as s^oi^es oi gonidia. We have noted, fuither, 
that on other forms special cells are produced which unite in 
j)airs to form new cells, fcom which again tlie new phase of the 
plant IS developed these arc sexual cells or gametes We get 
thus certain forms of plants producing spoies, and known as 
sjpoi ojpliytes , and otheis producing gametes, and therefore called 
gavieto^hytes The gametophyte, besides bearing its gametes, 
may also bear spoies indistinguishable in their structure and 
behavioui fiom those of the siiorophyto The sporophyte how- 
ever, never gives rise to gametes 

We may now examine these thiee classes of mechanism 
separately 

Section I 

VEGETATIVE REPRODUCTIVE STRUCTURES. 

Yegetative reproduction is the simplest manner of producing 
a new individual, and can m the low er forms often be hardlj^ 
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distinguished horn oidmary gro'vvth. It can he illustiated hj a 
genes of examples. In the loTvest Fungi and Algae, m which the 
plant consists only of a smgle cell, as m Yeast, an outgiowth 
from the cell appeals, which becomes detached and forms a 
new indnidual, giving nse to otheis m turn. Bometimes the 
piocess IS so lapid that the new cell gives use to another befoie 
bemg detached, and this may go on till a chain of cells is 
formed. Each of these is, howevei, an independent Yeast 
plant, and the sepaiation is a meie mattei of time. This 
piocess IS known as budding. In othei cases, asm the Desmids, 
the cell divides into two, each of which, by subsequent growth, 
becomes a new mdividual This is onlj shghtl^ diffeient from 
the first process, and is known bb fission. 

In more highly differentiated plants certain portions of the 
parent aie detached, which develop into the adult forms These 
are generally known as gemmm^ and may be unicellular or 
multicellular. Instances aie found of the former among the 
Algae, of the latter m higher gioups also, paiticularly the Livei- 
worts and Mosses, where they are developed in special places 
In the foimer gioup thej^ are found m oup-like receptacles u]ion 
the upper surface of the thaUoid stem , m the lattei then 
position varies gzeatly In the Lichens small poitions of the 
thallus are set free , these aie known as so? edia. They ha^ e the 
same structure as the thallus itself. 

In many plants frequently branches become independent by 
the perishmg of the mam axis on which they arise In the 
case of the iminei of the Strawberiy a bud is developed on the 
stem which puts out roots and attaches itself to the gioimd. 
Then the stem on which it arises xoerishes, and the new plant 
lives for itself Other cases of similar behaviour are fuimshed 
by the pioduction of bulbs or corms in many plants, and in the 
behaviour of many rhizomes 

Cuttings illustrate the same mode of reproduction A piece 
of the stem, with buds and lea\es, when separated from the 
parent and planted m soil, will, under appropiiate conditions, 
put out loots from the cut suiface, and thus leplace the paits 
missing and lead an mdeiiendent life Buds may aiise from 
wounded leaves or }petioles under similar conditions. 

In this mode of repioduction the form of the plant from 
which the new one is derived leinams unchanged Thus 
sporophyte gives rise to sporophyte, gametophyte to gameto- 
phyte, and there is no alternation of generations 
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Section II. 

REPRODTJCTI\E ORGANS OF THE SPOROPHYTE 

The 8^0768 

The i-eproduction of the spoiophyte is typically effected 
by specialised cells known as sjpoi es* These aro geneially 
single cells, usually furnished with a tough, sometimes much 
thickened coat, enclosmg, m addition to its living substance 
oi protoplasm, various nutritue mateiials, such as staich, 
sugar, oil, &c The spoi e-coat m some cases is thin and delicate. 
Spores aie pioduced in various ways in different plants, but are 
usually foimd in special leceptaeles known as 8j^Q}mig%a 

In the cases wheie the spore has no outer wall, it must bo 
regarded as a naked piece of piotoplasm It is then frequently 
furnished with a number of vibratile thieads at one or moie 
points of its surface, by which it can move freely about in 
water Such a spore is known as a noosjpote These only 
occur in the lowest forms of plants, the Algse and Fungi 

In the higher forms, the Vabculai Cryptogams and tho 
Phanerogams, the spoioiiliyte jDioducesm some plants one kind, 
in otheis two kinds, of spoie, which in the lattei caso diffei 
fiom each other in size and in the form of gametophyte to 
which they give oiigin. They are known as onu } osjpoy es and 
7)iac7 08J707 C8 OX megas])oi €b iespcctivel> Accoiding to whether 
one or two kinds of siiore aie pioduced, the spoiophyte is called 
IS0SJP07 0 U 8 or lietciospoQOus Special teims are emploj^ed to 
characterise the miciospores and macrospoics nr the Phaneio- 
gams, the foimer being known ijollcn-g't ams and the latter 
as emh^yo-sacs. These terms were emi>loyed before the true 
nature of these structuies was known , it is comenient to use 
them still, recognising, however, their true morphological nature 

Tho 8jp07a7ig‘ia, 

A good deal of variety is found m the foim of the organ 
on or in which the spoies oiigmate In unicellular plants the 
whole cell may become a spoiangiuni, as in Yeast, where its 
contents divide into four paits, each of which becomes sur- 
rounded by a cell- wall, and the four spores become libeiatcd by 
the disnitegxation of the oiigmal coll- wall In many Fungi 
there is no special spoiangmm, but the spores aro abstrxeted 
from certain special cells of tho surface, and frequently form 
long chams which eventually separate into the sepaiate spores. 
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These are more frequently called gomdia, though there is no 
essential difference between a gonidium and a spoie. 

In higher plants the sporangium is not a single cell, but a 
differentiated multicellulai body. 

In the group of the Biyophyta, or Moss-hke plants, theie are 
no definite spoiangia, but the spores aie jiioduced in a special 
part of the spoiophyte, kno^vn as the capsule oi $2^01 ogomum 
This must not be confused v»ith. a a 7 igiU 7 ?i, as it contains 
other structures than spores ; it is a highly complex body, and 
foims the gieatei pait of the sporophyte 

In all plants above the Mosses the sporangium is a well 
differentiated loundish or o\oid stiucture, consisting of a wall 
01 coat, often furnished with particular cells to secm*e its open- 
mg when ripe. In the interioi the spores, w hieli \ aiy m number, 
usually he fiee and piesent the structure already described. 

The position of the spoiangia \aiies also. Usually they arise 
on leaves, which aie then known as spoi ophylls, each of which 
may beai one, two, four, 01 many They may be on tbe back of 
the leaf, as in most Feins , on its edges, as m the case of the 
macrosporangia of most Phanei ogams ; or m its axil, as m many 
Selagmellas In some cases they aiise on the axis 01 stem, as 
in the Yew-tiee among Gymnospeims, and as in some Angio- 
sperms The macrosj>orangia are moie frequently borne on 
the axis than aie the mioiosporangia. 

In many cases the sporangia are found m isolated groups, 
when each group constitutes a soi ua^ as m most Ferns Some- 
times the sporangia in a sorus are not isolated but coherent 
together, as m Marattia, and in the anthers of the Phanerogams 
When a plant bears both mieiosporesand maciospores, spor- 
angia producmg each kind may be piesent m the same sorus ; 
or a sorus may consist of either micio- or macrospoiangia. 
Generally, though not always, the sorus is covered and pro- 
tected by an outgrowth of the smface of the plant, known as an 
vndus'iimn The soius is represented in the Phanerogams more 
clearly m the arrangement of the microsporangia of some Cyeads 
which are collected into groups on the 'suiface of a modified leaf 
In other cases the sporangia are single and not grouped 
Such sporangia then repiesent son, and each may be covered by 
an mdusium, as in the macrosporangium of Asiolla In the 
macrosporangium of the Phanerogams, generally called the 
ovule^ the mdusium is rei^resented by the coats or integuments 
which invest it closely, 

^ When the spores sCie mature they are hberated by the burst- 
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mg of the spoiangmm wall, and they produce hen gameto- 
phjtes after this hberation, the latter thus being fiee from the 
sporophyte. As aheady noted, howevei, an exception to this is 
found in the case of the maciospore of the Phanei ogams, which 
geiminates m the sporangium (ovule) 

The macrosporangium of the Phanerogams shows consider- 
able diversity of form m different plants. It will be con’v enient 
to reseive a discussion of its prmcipal featmes till the end of the 
piesent chaptei, wheie it will be tieated of under its popular 
name ovule. 


The Spo'iO]phoye or ly^florescence 

In man;^ cases, particulaily m the lower foims, theie is no 
special pait of the structm*e on which the spoiangia arise. E\en 
m the Alg<e and Fungi, however, veiy soon such differentiation 
can be seen, and they aie home upon definite oubgiowths from 
the main body When such outgiowths occur they may be 
described as hjyoj oj^ho} es In the higher plants the sporoplioie 
IS usually a very weU-maiked part of the spoiophyte 

In most cases the sporophyte shows ditfei eiitiation into 
stem and leaf, and the spoiophore is then a recognisable branch 
system, constituting what has been called the vnfloy escenoe* 
This teim is used esiieciall^. m connection with the spoioiihores 
of the Flowering Plants, owing to the fact that these plants bear 
then spores in sijecial stiuctures known Bi^floivet a. The term 
floivei should not, howevei, be restiicted to these plants, but 
may be applied to any shoot especially adapted to spore-pio- 
duction. A fiower consists of an axis, generally bearing leaves, 
which may be of two kmds the sjpoy ojphylls, oi those which 
cany the sj)oiangia, and certain X) 3 :otective leaves which bear 
the name of the jperianth Sometimes the axis beais no leaves, 
and the sporangia aie developed upon the axis itself, as in the 
Yew-tree. Usually m Phanerogams the fiower includes two 
kinds of spoiophylls those bearmg microsporangia, -which are 
named staynens , and those caii3nng macrosporangia, which are 
known as cwyjpels Many fiowers, however, only contain one 
of the two, and aie then known as umsexual, or stammate and 
'pistillate lespeotively 

The spoiophyll may present man;y forms m most Ferns it 
can only be distinguished ffom an oidmary foliage leaf by the 
presence of the spoiangia on its undei surface, in the Equi- 
setums, 01 Horsetails, it is a peltate scale, many sptmgmg together 
from the apex of the shoot, each bearing many sporangia between 
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the scale and the axis, m most G^innospeims the foim varies 
fi^m a similar structure to that of Eqiiisetiim, to that of a 
bioad-hased, scaly leaf -v^itli the spoiangimu either on its dorsal 
suitace (male flo^\el of Pimis} oi in its axil (female fio\\er of 
the same iilant) In the Angiospeims the stamen is a club- 
shaped bod\ with a swollen head, the caipel is moie leaf like, 
appealing in its most t\picil foim much like a leaf folded 
upon its midrib, and ha'^mgits niaigiiis umted in Iront, as in 
Ranunculus The closed chambei so fuinied is known as the 
otayy. Sometimes se\eial caipels aie tu'.ed tocrethei b\ then 
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Fi>j 191 F’oweiiny stalk ot the Wlate Deail-aettle iLamvim album U 
^\lth lealy biacts. and verticillasteris lu then avils 

edges, foimmg a chamber which mayor may not be septated b'v 
partitions A somewhat similar chambei is found in ceitain 
Perns (Maisilea) 

In most eases above the Ferns the sporophore foims a distinct 
branch system, easily distinguishable from the vegetative one 
In consequence of its ultimate shoots takmg the form of flow’ers, 
it IS knowm as the vnjio^ escence It shows a very gieat vaiiety 
of form, depending on the mode of blanching and the relative 
development of its several paits These varieties must be 
tre'Sited of in some detail 


\OL I 


H 
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As in the case of the vegetative branch system, we have to 
discuss the a:&.is and its ramifications, and the leaves which aie 
borne upon it The latter aie all moie or less specialised, but 
fall into two categoiies, the leases of the flowei or ultimate 
branches, and those of the axis apart fiom the fiowei, which are 
included imdei the general teim hi act, or liyjysopliyll It will 
be conxement to examine the latter fiist 


1 THE BRXCT 


In strict language the term hi act should be only apphed to 
the leaf fiom the axil of wdiich a solitary flower oi a floral axis 
aiises , while all other leafy structmes which aie found upon that 

axis between the biact and the flower 


Fig 192 



piopeily so called, should be termed 
hyacilets or hyacteoles These two 
kinds of biacts are, however, but 
laiely distmguished in practice, the 
term bract being generally alone used 
for either variety, and in this sense 
we shall hereafter, as a general lule, 
apply it 

Biacts ^ary much in appearance, 
Fict 199 Fi(^ 194 



Fiff 102 rioweiiiiy sttilk ot tliL PiDi])fincl ( Ana(ft<Nts 
aive7ti>n') 6, & hJolitai^ fio^vei's Irom thci 

*ixil ot the biticts ff, a Fttf 19 J Otilyv of 

the Mat'sh-juallow ( iimndod 

by ail epicahx: oi imolncie Fit; 101 Flowei 

o± the Stitiwbeii\ {Fiaqai la vesca), buiiouuded bv 
ciu oiiical\ K oi involiioi e 


some of them being laige, of a green colom, and in other re- 
spects lesembling the oidinaiy foliage lea\es of the plant u]pon 
which they are placed, as in the 'Whito Dead-nettle 
191), and m the Pimpernel 192, cc, a), in -winch ^iase 
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they aie called leafy ht acts Stich bracts can only be distin- 
guished ftom the tine leaves by their position with legard to 
the tiotvei -stalk or hotter. In most cases, ho^e\er, biacts, 
although \eiv commonly of a greenish coloui, aie smaller than 
the foliage lea\e &5 and in many jdants they maybe known 
ftom the oidmaiy leases not only by their position, but also by 
diffeiences ut coloui, outline te:i.tuie, and other peculiarities. 
Thus the biacts fotmmg the cupule of the Oak i fig 198) are hard 
and woody , in the Hop ( fig 219) they aie membianoiis: m ceitam 
plants of the Araeeae and Eiiphoibiaceae coloui ed in the dowei- 
heads of the ComiDositse scal;^ , and other mo diti cations also occur. 


Fig 195 Fig 196 



Ftg 195 Staminate or male catkin of the Hazel ( Co? vlia 1 vellana ), showmjjr 

a number ot scaly bracts between the lio>\era F%tj l‘J6 Compomul 

umbel of the Carrot C Daucua Ua? ota ) a General involucre &, b Partial 
involucres or in\ olucels 

Sometimes w’hen the bracts aie situated m a whorl imme- 
diately below the calyx, it is difficult to deteimine whether they 
should be considered as a part ot the calyx or as true biacts , 
thus, in most floweis of the Mallow order {fig 193), we have 
a circle of leafy organs placed just below the calyx, to which the 
term ep^calyx has been given. 

Almost all inflorescences aie furnished with bracts of some 
kind or other , it frequently happens, however, that some of 
the bracts do not develop axillary flower-buds, just m the same 
manner as it occasionally happens that the leaves do not produce 
leaf-buds in their axils In some cases the non- development of 
flower-buds m the axil of bracts appears to arise simply ftom 
accidental causes ; but in others it occurs as a regular law , thus^ 

H 2 
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m the Pur^ile Clsaj (Salvia Hoi miniivi), and the common Pine- 
apple (fig 167), theie aie a niimbei of biacts without flower- 
buds placed at the ape*^ of the mfioieseenee. Such biaets aie 
called emjyty. When biacts are absent altogether, a& IkS usually 
the case in the plants of the natural oidei Ciucifeia?, and those 
of the Boiaginacete, such plants are ii&iraedi ehi ncteate ^ when 
bracts aie piesent the infloieseence is said to be hiacteate 

An angement and Uia aiion of Biacts — Biacts follow the 
same laws of an angement as tiue lea\e&, being opposite, alter 
nate, oi -whoiled, in difleient plants The biacts of the Pineapple 
fruit (fig 167), and those of Fii cones ( figs 168 and 218), show 
m a marked mannei a spnal airangement 

Bracts vai^ in their duration thus, when they fall imme- 
diately, 01 soon aftei the flow^er-bud expands, they are said to be 
dec%duons , oi when they remain long united to the floral axis, 
they are pei sisteoit In some plants they ^leiist and constitute 
a pait even of the fluit in the Ha7 el-nut and Filbert they 
form the ciij^ule (fig 199), in the Aeoin they constitute the cup 
(fig* 198) ; and lu the Hop (iig 219), in the Fii -cones ( figs 168 
and 218), and Pmeaiiiile { fig 167), they peisist as niembianous, 
woody, fleshy, oi scaly appendages. 

Vaiieties of Biacts — Biacts ha\e lecened special names 
acGOiding to then an angement and other characteis Thus 
the bracts of that kind of infloieseence called an amentum or 
cat’kvn (see page 108), as seen m the Willow ( fig 212), Oak, 
Hazel (fig 195), Biich, and other plants, are usually of a scaly 
natuie, and are termed squamce or scales, oi the biacts aie 
desciibed as squamous or scaly The biacts of the instillate 
flowers of the Hop (fig 219) aie of like chaiactei 

When a circle oi whoil of biacts is placed aioimd one flower, 
as in the Maish Mallow (fig 193) and Btrawbeiiy (/?,^ 194), oi 
around a numbei of flow’eis, as in the Carrot (fig* 196) and most 
other Umbellifeioiis plants, they form what is termed an i7ivo- 
lucre In some Umbelliferous plants, as foi instance the Caiiot 
(fig* 196), theie are tw o involucres, one at the base of the piimai"^ 
divisions of the floial axis or general umbel, a . , and another at 
the base of each of the partial umbels or umbellulos, h, h , the 
former is then called the general znvolucie , and each of the 
latter an 'involucel oi partial xnvolucie (see iiage 115) In 
plants of the natural order Compositae, such as the Mangold 
(fig* 197), Artichoke, Chamomile, and Dais\, and of some of 
the allied orders, a somew'’hat similar arrangement of bracts 
takes place, and the name of %molucre is also applied in tlieso 
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cases In the oluci es of the Compositae there are fi?eq^nentl,\ 
two or thiee rows of bracts thus overlapping one another; the 
constituent bracts ot these 

lattei imolucies have been Fio 107 


teimecl les. Some- 

times the biaets of an in- 
volucie grow togethei at then 
bases, and foim ultimately a 
soit of cup-fahaped body siu- 
roimding the fiuit, as the cup 
of the Acoin ( fig 198 K and 
the husk of the Filbert oi 
Hazel-nut {fig 199) , they 
then foim vhat is called a 
cupule 

When a bxact is of large 
size and sheathing, and sm- 
rounds one, or a number of 
floweis, so as to completely 
enclose them when may oimg 
state, as m the Iris, Narcissus, 
Snowflake {fig» 200), the com- 



Piff 197 Capitulnm of MarvgoLl ( f*n7en 
“ihow mar the flo\\er« eiiclose<l m 
an im olucri‘ 


Pio 198 




Fig 198 Print of the Odk CQuet ms Rohm >, snrrounfled by a cnpule 

Fig 199 Piuit of the Ha7el (.To/ vJus Avellana}, with a onpule at its base 


mon Arum or Cuckoo -pmt {fig 201), and Palms {fig , 215), it is 
called a spatlie^ The spathe is generally found surrounding the 


102 


MANUAL OF BOTANY 


kind of infloieseence called a sjpadix ('p&ge 108), as m the Arum 
(fig. 201), and Palm (fig. 215) , it is also very common m 
other Monocotyledons The spatlie may be eithei gieen like an 
ordmaiy leaf, as m the Cuckoo-i>int , oi colouied, as in BicJiai dta 
cttTixo'p'ica In some Palms these spathes aie of gieat length, 


Pro 200 


Pig 20J 


Fig 202 





Pig 203 



Ftq 200 P]o'\^el of the Spring Snowflake {Leucojum v€i7ivm\ an«-ing from 

the ami of a spathaceoiis hi net or spathe Fxq 201 Spadix of Cuckoo- 

pint M? um mmulatmTi) enclosed m a spathe, a portion ot winch has heen 
1 emo-v erl to show the flowers within Fiq 202 Beceptacle of the Cha- 
momile (A7if?te7ms heniing tubular floweis {fio7et%\ n, and 

bracts, & . the lattei are sometimes termed pale\ Fi(f 203 Locusta 

or spikelet ot the Oat (Aveim mttva) ql, ql Glumes pf, pz Fitlece or 
pales a Awn arising from the dorsum ot the outei Yaln^pb fs An 
abortive flow er 


sometimes even as much as t^ enty feet , and as many as 200,000 
flowers have been counted in them Sometimes the sj)adix of a 
Palm branches (fig 215), and then we fiequently find smaller 
spathes suirounding its divisions, vhich ha\o been named 
s^atliellm The teim spathe is geneially restricted to the l§rge 
enveloping bract of the spadix, and othei biacts of a like cha- 
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laeter, which enclose onl,T one oi at most a few flowers, as fre- 
quently found in Monocotyledons, are called sjjatliaceoua hi acts 

Besides the biacts 'which sinround the head of floweis of 
the Compositae and form an involucie, it flequently happens 
that the indiMdual flowers oi floiets {flg 202, a,) are also 
proMcled with little biacts, ft, which aie then ^enerall^ of 
a membianoUto natuie, and colouiless, as m the Chamomile. 
These ha%o leceiied the name of or — to distinguish 

them horn ceitain floial leaves fcmnd in Gia‘-ses which aie 
knovMT. by the same name — they may be teimed^«?cea of the 
'i eceptacle 

The only othei bracts which have received special names 
are those found in jDlants of the Grass and Sedge orders. Thus 
the jiaitial mfloiescence of a Grass, which is teimed a locust a or 
spikelet (page 100), has at its base one or two bracts, wdrich are 
called glinnes {fig 208, gl^ gl) \ while m the Cjpeiaeeee each 
flower arises fiom the axil of one oi two similai bracts, 

2 THE AXIS 

The various kinds of branchmg that ha've £» heady been 
examined have been seen to be three — the dichotomous^ the 
monopodial or lacemose, and the cymose, usually sympoclial. 
Ill the mfloiescence we And the tiist of these doubtfully or not 
at all lepiesented, we ha\e, theiefoie, only to deal with the last 
two These aie sometimes called Indefimte oi Indetei mmate 
and Definite oi Defc) miiutte xesjiectively. In the foiinei, the 
pi unary floial axis is nevei terminated by a flow ei, hence it 
has the powei of eithei gi owing m an iipwaid diiection, m the 
same mannei as a stem or bianch lia«a the power of elongatmg, 
and thus adding to its length , oi of dilating more or less hori- 
zontally Theie is consequently’’ no necessaiy limit to the 
giowrth of such an axis, and hence the name of Indeterminate 
or Indefinite which is applied to it Such an axis as it con- 
tinues to grow’ upwaids develops aciopetally’ flow’ei-buds, from 
W’hich floweis aie pioduced, and these, like the buds of a stem 
or branch, aie commoiil\ situated in the axils of leaves winch 
are here called biacts, as we ha\e seen All the flowers theie- 
fore of an Indefinite Intioiescence must be necessaiily lafeiaZ, 
this inflorescence is also termed monopodial The geneial 
characteis of Indefinite, Indeterminate, or Monopodial In- 
florescences depend theiefore upon the indefimte growth of the 
primary axis, while the ultimate axes which are developed 
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fiom it, are terminated by flowei-bnds In Definite or Detoi- 
miiiate Inflorescences, on the contiaiy, the piimaiy a\is is tei- 
minated at an eaily peiiod by the pioduction of a flowei-btid , 
such an axis has therefoie a limit at once put to its giowth in 
an upward dnection, anti hence the names of Definite^ Dete) - 
Tmnate, or Te^ minal, applied to it 

Each of these piimai^^ divisions presents us with several 
modifications, and a thud class is not uncommonly met vith, 


Fifx 204 



Fig 206 



Fio 205 



Puf 204- Hypanthodinm of the (^Ficm Vai 2 t«), 
shoAMiig pe.il -shaped fleshy leceptacle beaiing 

flow ers on its innei smface Fig 205 Coen- 

antlunm of a species of Do? sterna Fig 206 

Female plant ot VaTlisnena npiialis^ with its 
flowojs arranged on spiial peduncles 


which, as it includes both modes of branching, is commonly 
sxjoken of as mijccd inflorescence 

Befoie discussing the different forms of these, there are cer- 
tain peculiaiities and varieties of the axis itself which we must 
consider 

The teim peduncle is applied to the stalk of a solitarj^ flower, 
'whether axillaiy ( ftq 193, 6, 5), or terminal ( fig 200), or to a 
floral axis which heais a number of sessile floweis {figs 210 
and 211) , oi if the floral axis blanches and each branch bears a 
flower 320 and 221), the main axis is still called a pedtmeU^ 
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and the stalk of each flower a jpedtcel^ or if the axis be still 
further subdivided, the ^^eneial name of pedimcle ( fig. 222) is 
Jtpphed to the 'whole, with the exception of the stalks imme- 
diate! v snppoitin" the floweis, which are m all cases called 
jiedicels When the floial axis is thus blanched, it is better to 
speak of the mam axis as the zniaiz/ axis {fig 222, a'), its 
divisions as the scco7ida7y /t", and theic di\ i&ions as the 

tei tiai 1/ axes a' \ &c 

K.inds of PediincJe — Undei certain ciieumstances pedun- 
cles and pedicels ha^e leceived special names Thus, when a 
peduncle is elongated, and gi\es off fiom its sides sessile floweis 
(figs, 210 and 211), or blanches healing flowers {figs 220-222), 
it is called the ? acli is , hut if, instead of being elongated, it 
becomes more or less dilated, and usually bears niimeious 
floweis, it is teimed the lecejitacle The leeeptacle varies vei,^ 
much in foim , thus, it is flattened m the Cotton Thistle ( fig, 
225), conical in the Chamomile { fig 202), concave and fleshx m 
the Dorstenia ( fig, 205), peai-shajied and hollow ed out m the Fig 
{fig 204’) , oi it assumes a vaiietv ot othei mtei mediate foims. 
The peculiai receptacle of the I-><>rstenia is sometimes teimed a 
iCpnantJiitim , and that of the Fig a liyj^antliodnim ^ oi both 
kinds are sometimes chaiac tensed by the lattei name 

if should be observed that the teim leceiitaele is also applied 
to the ex^remlt^ of the peduncle or pedicel upon which the 
parts ot the flow^er aie placed, whethei eiilaiged oi not This 
IS, however, better called the ilialamus 

When plants which ha\e no aeiial btein bed/ flo'v\eis, the 
peduncle necessanh aiises at, or undoi, the giound, m which 
case it IS called a scape oi tadical peduncle ( fiq 200) as in the 
bpimg Snowflake, Tiilixi, II^acmth, Piimiose, and Cowslip- 
The scape mav eithei beai one flowei as in the Tulip, or several 
floweis as m the Hyacinth 

Forms of Pedimcle — In form the pedimcle is generally more 
or less cylindrical, but besides the depaittue horn this ordmarx^ 
appeal ance as exhibited bv the receptacle just described, and its 
modifications, it fiequentlj" assumes other forms Thus, it may 
become more or less compressed, or grooved in vaiious ways, or 
excessively enlaiged dining the iipening of the fiiut, as in the 
Cashewr-nut , or it may assume a spnal chaiactei, as in the 
Vallisnerxa (^fig 20C) , or other modifications maj occni 

Sometimes the peduncle, oi seveial peduncles united, assume 
an irregular flattened appearance, somewhat lesemhling the 
fsflsciated branch already described (page 34), and heai nume- 
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roTis floweis in a sort of ciest at their extiemities, as ni the 
Cockscomb, and in the Canhflower, where the nnited flesh;^ 
branches of the peduncle form a lounded mass beaiing on its 
upper part aboitive floTveis. 

InserHon — In speaking of the blanches of a stem, we found 
that in some eases, instead of aiismg in the axil of leaves, they 
became exti a~ax%Ua7y in consequence of adhesions of various 
kmds taking place between them and the stem and other jiarts 
In lilce manner the peduncle may become exti a-axillaoy "by 
contracting adhesions Thus, in the Lime-tree {fig 207% the 


Fig 207 Fig 208 



peduncle adheres to the midrib of the bract, 5, for some distance, 
and then becomes free, while m many Solanaceae, as m the 
Woody Nightshade {fig 208), the peduncle also becomes extia- 
axillaiy by forming adhesions to the stem or branch in various 
ways 

We may now proceed to describe the chief forms of in- 
floiescenee belongmg to the thiee types already mentioned 

Indefimte or JEtacemose Irtfilo't escence 

The simplest kind of inflorescence in this class is that pre- 
sented by such plants as the Pimpernel {fig. 192), in which 
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solitaiy flowers, 5, 5, are developed in the axils of wfliat are 
commonly regaided as the oi dinary fohage leaves of the plant, 
a, a, although properly lea^’ bracts, the piimary axis continu- 
ing to elongate in an npwaid direction and beaimg other leaves 
and flowers , the flowers aie then said to be solitary and 
ax%llaiy "^Yhen such flowers aie ai ranged m 'whorls round 
the stem, as m the common IMare’s Tail, each flower being 
axillary to a leafy biact {Jig 209), 

thev aie said to he inlLOiled 210 Fro 211 

When a number of floweis in- 
stead of a single one are developed 
upon an elongated, shortened, or 
dilated peduncle, a number of kinds 
of mflorescence aiise All these 
depend uxion the extent to which 
the floral axis branches, the mode 
in which the branclimg takes place, 
the comjiaiative lengths of the 

Fig 209 


Fiq 209 WhorlcO loafy bracts and solttair 
aiillaiv flo^^el•=^ of stares Tail {Hippuii\ 

vulgaris) Fig 210 Spike o± a >.peciefa ot 

■Rib gras-5 (Finutago') Fig 211 Sjnke ot 

Vervain iVeilx^ua) 

flo'w er-staiks, and other suboi dmate circumstances It W'lU be 
comenient to desciibe these various modiflcations under t-wo 
heads — 1st, those kinds of Indefinite Inflorescence -with an 
Elongated Piimaiy Axis , and 2nd, those with a Shortened or 
Dilated Primaiy Axis. 

In all kmds of indefinite inflorescence it will be found that 
the flo'wei buds always open m succession from the base to the 
apex if the axis is elongated (Jigs, 211 and 220), hence these 
inflorescences ha%"e been also called acrojgetal or ascending ^ or 
from the circumference towards the centre if the axis is short- 
ened or dilated (fig, 226), therefore such forms are also called 
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ecniiij^etal Thib aciopetal oi centiipetal order of expansion 
necessarilv arises fiom the mode of development of sneh kindi^ 
of mfloiescence , thus, the flow ei -buds situated at the base of an 
elongated axis aie those that aie fiist foimed and consequently 
the oldest, for as the axis elongates npwaids it is eontiiiiially 
Iirodiicing other flower-buds, the age of which continues to 
decrease as we appioach the growing point oi apex, and as 
flowrei-buds aie neee&saiilv most developed in the oidei of their 
age, it follows that those at the base will oiien fiist, and that 
the oidei of expansion will proceed gradually upwards tow aids 
the apex, oi aaopetally In the same way the flowei-buds 
situated at the circumference of a shoitened oi dilated axis aie 
fiist foimed, and those nearest the centre or giowung point last, 
and theiefoie their ex^iansion will proceed fiom the ciicum- 
tei ence to the centre, or ccnU ijyetally 

A Kinds of Indefinite oi Indeterminate Inflo'} escence with 
an Klonqated P? imai y Axis — These aie as follows — 

a The Sjnkc — This is a kind of mfloiescenee m which the 
peduncle is elongated and beais sessile floweis, oi floweis in 
which the pedicels are "veiy slioit, so as not to he cleaily dis- 
tinguishable Examiiles of it may be seen in the Kib-giass 
(fiy 210), and Veivam (fq 211). In this kind of inflorescence 
it will be ohseiyed that the floweis at the lower pait of tlie 
spike lia^e passed into fruit (fiq 211), while those neai the 
middle are in full flower, and those at tho top are still unde- 
veloped Such an mfloiescenee exhibits theiefore, in a maiked 
degree, the aciojietal ordei of exiiansion 

Theie aie five other kinds of indefinite mfloiescenee which 
are simply modifications of the spike These aie the Amentum 
01 Catkin, the Spadix, the Locusta, the Cone, and the Stiobile. 

b The Amentum oi Catkin — This is a kind of spilce which 
usually bears unisexual floweis — that is, only stammate {fiq 
212), oi only pistillate {fig^ 213) ones The axis oi lachis is 
usually of a veiy weak character, so that the catkin is pen- 
dulous The floweis of an amentum are also xisually separated 
from one anothei by scaly biacts, and the whole inflorescence 
(at least as legards the stammate catkins) commonly falls off in 
one piece, soon after the luocess of floweiing The bracts have 
sometimes one^ oi at otliei times several flowers m their axils 
All plants with this kind of mfloiescenee aie called amentaceous 
or amentiferous Our tiees afl*oid numerous examples, as the 
Oak, Willow, Bmch, and Poplar. 

c. The Spadix is a spike with a succulent axis, m which 
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the indiMdual fioweis have no special biacts, bnt the vbole 
jnfloresoence is enclosed in that -vaiiety of bract Tvhich is 
<-alled a spathe This ib "vvell seen m the Ouekoo pint {fig* 
201) Sometimes the spadiv blanches as in Palms {fiq. 215), m 
■w inch ease it is called co}t\jyoiLoxd oi 5 ? a nching The teim spadi's: 
IS also iisiiall;s applied to a succulent spike, v hethei enveloped 
m a spathe or not, as in the Sweet Flag (Acoj us Calamii*^). 

d The Lociista o) Spihelet — This name is given to the 
paitial mdoxeseenee of Grasses {fig 203), and oi jilants of the 
Sedge Oidei In Gi asses it is a spike wuth a few flow'eis, and 
these destitute of a tiue caly'^ and corolla, then place being 


Pig 212 Pig 213 Fig 214 



occupied by ijalece oi joales [fig 203, and the whole m- 

floiescence suiiounded at the base by one oi two empty biacts 
{qlunieb)^gl, gl* These spikelets ma;s be either aiianged sessile on 
the elongated peduncle oi lachis {fig 216), as m Wheat, or they 
may be placed on a moie oi less blanched avis, as m the Oat 
{fig* 217). The spikelets of plants of the Sedge Oidei present 
certain peculiarities, but they are essentially of the same nature 
as those of Grasses 

e The Gone — This is a kind of spike, found m plants of the 
Conifer ae, as the Parch, Pme, and Fir {figs 168 and 218), in 
many of the Cyoads, and among Cryptogams in the Hoisetails 
{fiq* 214) and the Club mosses It is composed of a collection 
T)f scales which beai siiorangia In the Hoisetails these scales 
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are peltate and beai several sporangia on then undei &ui faces 
They are attached to the stalk at a right angle 
In the Cycads the cone has a similai sfcructuie 
In the Comfeis each scale beais two o\ules (maoiospoi- 
angia) in its axil 

The so-called male cone of many of the Comfeice is not an 


Fio 215 Fio 216 Fig 217 



Fig 216 Braiiclied spadix of a Palm {^Clmmcerop^)^ enveloped iii a spatlie 
Fig 21b Inflorescence of Wheat (^Ttittcum iu7ga)e), consitating- ot imme 

rous sesciile spikeLets» arranged on an elongated peduncle 

Fig 217 Blanched or panicled arrangement of the spikelets ot the Oat 
iAiena satiofi) 


inflorescence but a single flower It consists of a number of 
sporoph 3 <lls arranged spiially on an akis, each bearing two 
microsporangia oi pollen-sacs on its kinder surface 

f. The St7 ohzle , — This is a kind of spike foimed of persistent 
membranous bracts or scales, each of which bears at its base a 
pistiUate flower. It is seen m the Hoi? (fig 219) 

All the kinds of indefinite mflorescence at present described 
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owG tliGir GGSGiitidjl cliartictGrs to tjliG ilowGis 86^66170 tipoii 

an elongated a:iis AYe now pass to deseiibe otheis, m Tvluch 
Th.e flowers aie not sessile. Th.e simplest of these is the 
Baceme. 

The Baceme —This name is applied to that foim of in- 
florescence in which the elongated peduncle or lachis beais 
flowers placed on pedicels of neaily equal length {fig 220). It 
only difl*eis from the spike m the floweis bemg distinctly stalked 
instead of sessile or neaily so Examples occui in the Currant, 
Mignonette, Hyacinth, Labuinum, Baibeiry, and Fnmitoi;v 


PtG 218 Fig 220 



F%g 218 Gone of Hemlock Spruce (Ftfius canad^nsi^) Fzg 219 Stiohile 

of the Hop (^Bumulus Lvpulus) F%g 220 Baceme of a species of Cherry 

unuh Pad us) 


h The Corymh — When the pedicels, instead of being of 
nearly equal lengths on the rachis, as m the raceme, aze of dif- 
ferent lengths (jig 221), viz those, a'\ at the base of the 
primary axis, longer than those towards and at the apes, so 
that the whole form a level, or nearly level top, the inflorescence 
is termed a corymh Examples may be seen in some species of 
Prunus {ftg. 221) When the stalks or secondary axes of a 
corymb {fig. 222, a"), instead of bearmg flowers immediately, 
divide and form tertiary, or other axes, upon which the 

flowers are then placed, it is termed com;pound, or hrcmclvmg^ as 
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in some species of Pyjiis Tins ma 3 " also be called o, ;pamclecl 
coyyynh (see Panicle), to distinguish it from tlie foimei oi 
corymb, which is then teimed a lacemose coy ijynh It sometimes 
happens that ^\hen the flowers are first de\ eloped they foim a 
corymb, but the piimaiy a\i& elongates latei and a laceme is 
produced ; this may be seen in many Ciucifeious plants. 

In se\eial siieeies of Junciis and Luiula, the pedicels oi the 
lower flo'^^eis aie so long that they aie elevated above the upper 
ones, in vhich case the infloiescence is sometimes distinguished 
by the teim anthela 


Fio 221 


Fia 222 



221 Simple C 013 mb oi a '-i)ecies of r/u»?/s {CWa:>us) n* PiinitU> 
a>.is, benniiif biact's, 6 , 6 tiom tlie a'vih o± which pedicels, ari-sc 

Fig 222 Gomiiound 01 biaiicliiny coi\mb ot the Wild tice 

( I yy Its to} minalis) a' Pnmaxyaxib a', a'' Secondai^. ti's.es 
Tcitiaij^ ave-s 5, & 3jj.ict& 

1 The Panicle — Tins is a comiiound raceme, that is to say, 
a laceme in vlnch the secondary axes, instead ot producing 
floweis diiectly, bianch, and foim teitiaiy aves, <&c , the ulti- 
mate subdiMsions of which bear the floweis {Jig 22B). For au 
example we may take the Yucca gloy tosa When the ]panicle 
IS much branched and the floweis placed on short x>edicels, so 
that the whole infloiescence foims a compact cluster of a some- 
what iDyiamidal form, as in the Lilac and Vme, it is sometimes 
teimed a iliyrsus or thyyse {fig 224) We also find cases of 
the compound spike, as m the "VV heat , and of panicles whoSo 
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ultimate branches aie .spikes, ns in the Oat These only dififer 
fiom the immele m the partial or total absence of the pedicels. 


Fr<. 223 












Fi.r 2-24 


/\ / 22 i Piun le 


Fx« 22r‘j 



i^ir 



J^tfj 224 Thyrgns of V me C J"tis i inifoa) Fm 225 Gapit ilum of Cotton 

Thistle ( (Jnopoi dum Atanthuim ) 

B. Kznds of Indefinite Infioy escence with a Shortened or 
Dila ted Primarij Axis . — Of these we distinguish two varieties — 
the^Capitiiltim or Anthodium, and the Umbeh 
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a. The Capitiiliun^ Anthodiihm^ 07 Head — This mfloiescence 
IS risTially foimed by a mimbei' of sessile £lo\\ers or florets 
ciowded together on a reeeiDtacle, and the whole suriounded t>y 
an involucre (Jig 197), but in some cases the florets aie but 
few m number, and m othei capitula the involucre is absent 
The leceiDtaele, as we ha\e seen (page 105), may be either 
flattened, as in the Cotton Thistle (fig 225) , or slightly convex, 
as m the Dandelion , or conical, as in the Chamomile , or 
globular, as in the Ameiiean Button-bush , 01 ellijptical &c , by 
which a variety of foims is gi\en to the diffeient capitula 

This kind of indefinite inflorescence, as w^ell as all others 

Fig 226 


Fig 227 




Ficf 22h O/ipituluni of 
Scabious (^Scafjio&a) 
The onteimost floiets 
may be obsel^e(l to be 
moie e-srpandcd than 

the innei Fia 227 

Simple umbel of a 
'^pecics of iUium 


in this division with shortened or dilated pi unary axes, exhibits 
a centiipetal order of expansion This may be well seen in the 
capitulum of the Scabious {Jg 226), where the outer florets are 
fully expanded, those within them less so, and those m the centre 
in an unexpanded con dition Here therefore the oi der of expansion 
IS tow^aids the centie — that is, ce7ix} ^^etally The capitulum is 
the um\ersal foim of infloiescenoe m plants of the natural oideis 
Compositae and Dipsaceie ; and is also found, more or less, in 
some oiders allied to these 

The arrangement of the floweis in the Fig (fig 204) and 
Doi sterna (fig 205) also closely resembles that of an ordinary 
capitulum, and such arrangements are sometimes regarded as 
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special varieties of the capitulum , but the m\olucie is in these 
ingoreseences alwa\s absent, and the tiowers aie devekjped cen- 
trifugally, as in the tflomeiule (page 122 ^ 

b. The Vmhel — When the primar\ a\is is shoitened, and 
gives off horn its apev a iiumbei ot seeondaiv axes oi pedicels of 
neaily etiual length, each beaiing a flouer, an is foimed 

{fig 227), as in the Onion and Cowslip When the secondary 
axes themselves di\ide, and form teitiaiy a\es, which aie also 
arianged m an umbellate mannei, a cnmjjotnul muhel is ino- 
duced This is seen iii the Caiiot ( fig 19fh, the Fennel I Hg 228), 



riU 228 Compouiiil iiuibel of Ftnnel u Gciicril nmbcl b u Partial 

umbels oi umbellxile=5 Vm 229 Pt>rtum of the lioral of a species »»t 

Gentian (Gtntiauu ), teimmatt tl a •>olitar\ fluwei, beloi% wliicli 

ire two bracts 


and othei alhed plants, which aie hence called nmheUiferoiis^ 
and give the name to the natural older Umbellifeise In the 
compound umbel ( fig. 228), the piimary umbel a is called the 
qeneial nmhel, and the other umbels, 2>, 6, 6, foimed by the 
division of tins, tmZ umbels oi umhellule^ When the base 
of the geneial umbel: is siu rounded by a whoil of bracts { -ftg, 
196, a) they constitute a general involute , and if other biacts, 
&, 5, are arranged in a similai manner around the partial umbels, 
each of these whorls of bracts forms an mvolucel oi gyartxaL 
involucre These varieties of arrangement have been aheady 
alluded to when speaking of bracts (page 100). 
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Definite, 07 Gymose Inflorescence 


In aU kinds of definite infioreseence the primaiy axis, as we 
have seen, page 104, is aire&ted m its giowth at an eaily age by 
the development of a termmal flo-wei-biid, and if the axis beais 
no other fiover this is called a solitary terminal flower, and is 
the simplest foim of this vaiietv of mfloiescence Examples of 

this may be seen in the Stem- 
Fig 280 less Gentian {fig 229), and 



Fig 230 A plant of Itan\inc.%Clu’\l:>ulbo&m 
a', Primary a^cis terminated by a fully 
expanded flower,/' Secondary ams, 
wbichis also terminated by a flow ei,/", 
not so fully developed a& /' Tertiai y 

axis terminated by a flowei bud, 
wbicli IS less developed tlian P and 


unless stopped by some extiN 


m the Wood Anemone {Ane- 
mone nemoiosa) When 
other flowers are iiroduced on 
such an axis, they must 
neeessaiily arise fiom axil- 
laiy flowei “buds placed below 
the termmal flowei -bud , and 
it these form secondary axes 
{fig 230, a"), each axis will 
in like mannei he arrested m 
its giowth by a termmal 
flowei -bud f ' , and if other 
axes aie developed fiom 
the secondaiy ones, these 
also must be axillaiy, and 
wull be aiiested m a snnilai 
mannei by flowers and 
these axes may also form 
other axes of alike chaiactei, 
and so on Hence this mode 
of mfloiescence is definite, 
deteiminate, or terminal, in 
contradistinction to the 
former qi mdefimte mode of 
inflorescence already de- 
sciibed, where the primary 
axis elongates mdehnitely 
cause Definite inflorescences 


aie most common and regiilai in plants with opposite or whorled 
leaves, but they also occm in those which have alternate leaves, 


as for instance m the species of Ranunculus {fig, 230) In defi- 
nite inflorescences the flowei -buds necessarily follow a different 
order of expansion from those of indefinite mflorescences, be- 
cause in them the terminal flower is the first developed alid 
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consequently the oldest 230,/'*, and other ilowei-biids are 
piodiiced m succession hoiii the apex to the base, if the axis be 
elongated,/''/'", oi it shortened oi dilated, horn the centie to 
the cucumfeience. The uppeimost hotver-bud ot the elongated 
Ijrimaiy axis ( iiq 230,/ }, and the cential one of the shortened 
oi dilated axis 'smII accoidnigl\ open hist , and the cxxmnsioii of 
the other lio^\ei-buds 'vvill piuceed m suecessiun downwaids, ui 
tow aids the cucumfeience, aceoiding to the chaiactei ot the 
pnmaiy axis Such an oidei ot expansion is called tentiifiiqal 
oi 1 eg ic&sihc Hence*, w hile the indefinite kmds of inliorebcenees 
are chaiacterised by an aciojjctuL jj) ogt cssite, or ccntiiijeial 
Older of expansion, those ot definite inlioie sconces aie }eg}essiic 
oi cent} if 'll gal 


Fig 231 



Fuj 2dl Ojme ol Lauiu&Tiiiuo ( Titw/ fitut'y) 


Kinds of Definite O) Deter jn mate Infloi escence — The kinds 
of definite infioiescence aie also teimed cginose, as the general 
name of ci/me is apphed to all such infioiescences But some 
are also distinguished by S 3 pecial names • — 

a The Cyme . — This term is applied generally to a definite 
inflorescence which is moie or less branched, the 'whole being 
developed m a corymbose or somewdiat umbellate manner, so 
as to assume eithei a flattened head, as in the Laurustinus 
{fig> 231), Dogwood, and Eldei , or a lounded one, as m the 
Hydrangea , or more or less spieadmg, as m Ceiastium {^fig. 
2B2) and Centaury {fig* 233) In the more pei feet and compact 
form of cyme, as found in the Laurustmus and Eldei, the flowei- 
buds are all nearly perfect befoxe any of them open, and then the 
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flowering takes jilace rapidly, commencing in the centre of the 
03 mie, and then in the centie of each of its divisions, and thence 
proceeding m an outwaid diiection, and as the cential flower of 
each cluster corresponds to the apex of a branch, the expansion 
of the whole is centrifugal By attention to this oidei of ex- 
pansion such cymes maybe always distinguished from indefinite 
kmds of infloiescence, such as the umbel oi coij'inb, to which 


Fig 232 Fig 23‘3 



/ iij I>icbfi>sial c\ me oi DicliaMuiu ol a sjieeics of 6V/ 1*3 iiiiai j 

terminatul b> aflo's\ei a", a'* Secondaiv a^es,t■tto i3i iinmbei, .iix-s- 
ing fjom the axils ot opposite bi icts, 6, &, ana tuminated al^o by lio^\els 
a'" Teitiaiy axes, foiu m miinjbci, aiisiug jiom biacts, 6, 
and bearing othei biacts, ft, fiom winch the quatcinarv axes, eight m 
nnmbei, aiise, tO*'* The floweis are moio developed on the 

piimaiy asjs than on the othei axes, thus the one tezmiiiating that axis 
3 S in the state of fruit , the fioweis of the axes of and are also in 
fruit, but less developed than that of w hile in the axes the flow eis 

only aie expanded Fiq 233 Bichusial me oi Dichasinm of the Gen 

tauiy CjEJ; v^/i> cm Ceniaxo xvLm'S u', u", Ploial axes 

Floweis teiminating those axes lespectivelv The floweis will be 
obseiv ed to be most dev eloped in pi oi>oi tiou to their age , thns/^ is in the 
state of flint, expanded , and the othei s still in bud 


otherwise they bear in many cases a great resemblance Iii 
Cerastinm ( -ftq 232), and many other plants, the formation of the 
secondary, teitiary, and other axes a", (i"\ goes on through- 

ouTj the growing season, and in such cymes, which are usually 
of a more oi less spreading nature, the eentiifagal order of 
expansion may be wch observed 

The above cymes are sometimes cliaracteiised according to 
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the nnmbei of their bianehes • thub they are dielwh mous, as in 
the common Centaui\ (Jjfjf. *23;^, %\heii the piimai^ a\ 2 s a' is 
terminated hy a How ei at the base of Inch are U\ o bracts, 
each of which develops m its a\il secondaiy a\es a'% a" 
ending in single floweis, /" and at the base of each of 
these dowels tlieie are also tw^o other biacts, fiom which 
teitiai\ axes a"\ aie de\ eloped, also teimmated bv dowers 
and so on, and as the diMsion m this case always takes 
place into tw'o blanches, the cyme is said to be dicliuiomous. 
The cyme of Ceiastimn {fig 232) is also dichotomous The 



Fig 235 


Fig 234 


Fiq 234 Spikt<l c>me of Thi-i is, ic- ^ 

garded Sdclis, <i'% a foim i>t mouocUtisia.!, 

ump.uou&, oi umlate^al c\me Fiq 2 35 

Raremose c\nie ot i species of < Campanula 
a* Fiimiry axis terminated bv a flov\cr, F, 
which is "iluadv withering 
Secoiid.uv axes, each ending in a flowei, 



dichotomous e;^me is also called a dichasiitni This is not a tiue 
dichotomous blanching (see page 29), but only apparently so, 
in consequence of the gieatei development of the lateral branches 
as compared with that of the teiminal one. When more than 
two secondary a^.es aregi\en off below each dower, the indores- 
cenee is known as ^pohjchasiitm. 

Cvmes are also fiequeiitly characteiised as cor;^mbose, or 
umbellate, from their resemblance, except in the order of the 
expansion of their dowers, to the tiue coiymb, or umbel , or as 
glcfbose, linear, &c , according to their general form. 
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Besides the ordinal 3 cyme and its vaiieties no\\ mentioned, 
other kinds of eymose infloiescences ha\ e also lecen ed partioiilai 
names, as the Helicoid and Sco} 2 J^o^d Cj/7nes, the l^asctcle, the 
Glomeiule, the Verticillaslei ^ and the Ct/titoae Umbel These 
we must now briefly describe 

b. Helicoid Cyme — The natiiie of this foim may be undei- 
stood by eompaiing it ^ith the dichasmni If in each successive 
branching only one flowei is produced undei the teiinmal one, 

Fig 236 Fig 237 




ri</ 23b P^imclerl c\meot tlit' 

vule/ftfe) a* Pumaiv 
axib Seconddiv avcs 

Toitiai\ aves c, c Tlie oential flo-w- 
exs of tlie itopettive clubtcih, 
axo seen to ])e in <i moxo expanded 
total e than those stiri oujxdj ngoi lK‘k)\\ 

them Fiq 237 Helicoid cyzuc ot 

the Pore et-me not < Mqob ot u ptil u s- 
t) is) 


and that al\\a;>s on the same side, the other avis and its biact 
not bemg de\ eloped, we hnd the uppei evtieinitt ismoie or less 
coiled up in a circmate manner, so as frequently to lesoinhle a 
snail shell This kind of cymo is especiall;v de\ eloped in plants 
belonging to the natuial oider Boi'aginacc<e, as the Foiget-me- 
not 237J and the Conifrey (Jiy 288) 

c Scorjyioid Cyme — If instead of the suppression of the 
successive axes always taking place upon the same side they are 
suppiessed upon the two sitles alteinatel;\, we ha\e the fofin 
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kno^vn as the Scoi’pioid C;viiie. Instances ot this foim uie found 
XD^Helianthcmum (the Hock Koseu Drobcia I the Simile\^ U lSlc. 

Botli these forms show appaiently a single mam axis fioiii 
which a succession of llo\\eis is oft, ami horn the sultse 

quent "lowth of this axis, "^\hich is nsiially Mgoiou^, a laeemose 
iiifioiesceiice seems to he aiii\ed at The axis is, ho^^ e\ er, a 
s\mpodium, and the tiue uatme of the aiiangcincnt may be 
ascei tamed by noticing the position of the biacts, tv Inch are 
opposite to the flo^\eis instead of the latter being m then axds 
The axillaiT bianch coming tiom the mseition of the biact is in 
fact the next pait ot the STmpodium, the subsequent giowth 


Fio 2a s 



I'ltj Hcliooid cj u>c ot Coiulu 3 ) 


having displaced the terminal Horvei and made it apparently 
latei al 

Theie is some doubt as to the true nature of the apparently 
helicoid cyme in cases wheie the biacts are not de% eloped 
Many botamsts desciibe it as a imilateial raceme, that is, a 
laceme beaimg its flovers only on one side of the mono- 
pochal axis (see 237 and 238} It is held by some botanists 
that in some at least of the Boiagmaceje the hianelmig of the 
mtioiescenco IS not latei al but dichotomous, the grow mg point of 
the successive axes after the first, dividing into two equal ones, 
one of which forms a jSower and the other agam dichotomises 

d The Fascicle oy Co u 6 acfcc? Oy;wc.~This name is applied 
to a cyme which is lather crowded with flowers placed on short 
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pedicels of nearly equal length, and aiising h*om about the same 
point, BO that the whole foims a flattened top, as in the Swept 
"William and some other plants of the Pink ordei to w Inch it 
belongs. 

e The Glomei ule — This is a cyme which consists of a few 
sessile floweis, oi of those wheie the pedicels are veiy shoit, 
collected into a rounded head or short spike I£l\amples may 
be seen in many Labiate plants, in species of Nettle, and in the 
Box {fig 239). 

f. The Ve7t^c^lla$ter — This kind of cyme is seen in the 


Fig 240 



White Dead-nettle {fig 191), and commonly iii othei plants oi 
the Labiate oider to which it belongs In it the flowers appear 
at first sight to be ai ranged in whorls aiouiid the axis, but upon 
exammation it will be seen that in each appaient whoil theie 
are two clusters oi gloinerules axillary to two leafy bracts, the 
central floweis of which open fiist, and hence the mode of ex- 
pansion is centrifugal To these false whorJs, thus formed of 
two axillary glomerules, tho term ve) UciUaste} is fiequently 
applied, but this vaiietv of infloiescence is sometimes regarded 
as a contracted form of the dichasium. 

^ The Cymose Umbel — This much resembles the pol^chti- 
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Slum It can be distmguibhed from the true umbel b\ the 
centiifugal evpansion of the floweis, the oldest being m the 
centi e 

Mixed Injioycscencc, 

This kind of indoieseence is b\ no means uncuiiiinon It is 
usual! \ toLiLied by the general intloi escence de\eb>ping in one 
way, and the paitial oi indi\idiial mtioie&ceiices in anothei 
Thus m plants ot the natuial older Compositce ^ tig, 240} the 
terminal capitulum is the fiist to expand, and the capitula, as 
a whole, aie theiefoie developed in a centrifugal manner , while 
the individual capitula open, as we have seen (page 114}, their 
floiets from the ciicumfeience to the centie, oi centi ipetaJU , 
hence, heie the geneial mhoiescence is dejinite^vaid each partial 
iniioiescence indefinite In Labiate plants we haie a clnectly 
revel se ariangement, lor here the indi\idual veiticillasters open 
then flowers eentiifugallj {fig 191}, but the geneial mhoiesconce 
is centripetal, hence the geneial mtioiescenee isheie indc'finite^ 
wdnle each partial mfloiescence is definite 

3 I'Hn FLOW Ell 

The term may be apphed to an^ shoot which is s]jeci* 

ally modified in connection with spore production The term is 
usually, but eiioneously, restiicted to the Phanei ogams, lu which 
this modification lesults in a structuie generally of peculiai 
form and often ot great beaut;^ and fiagiance Floweis, how 
e^er, of a lower type of complexity than these can be lecognised 
in the Ciyiitogams Thus, the cone of Equisetum, desciibed 
abo\e as a form ot inflorescence, is by some consideied as a 
single fiowei. In the so-called flower mg plants the fioweis aie 
the ultimate blanches oi shoots ot the mfloiescence They con 
sist usually of an axis beaimg lea\es, ot which some aie epoio- 
f)liyllh and beai the sporangia, others aie ijerianth Leaves and 
have only a function suboi dmate to the former The apex of the 
axis itself sometimes constitutes the flower, as in the female 
flower of the Yew-tiee, where particular branches bear at then 
apex a teiinuial maciosporangium or ovule, which is not protected 
by any foliar structures In a few cases some of the spoiangia 
are borne by the axis, and otheis by the spoiopbylls, as in the 
Polygonacese, the Lock family The axis here teiminates m a 
maciosporangium much as m tlie Yew, but this is covered in by 

foliar outgrowth called the ovary Lowei dowm on the axis 
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axe ceitam spoxoplx^lls, the staroens, which beai the raiczospo- 
langia, while below' these «'igain aie ceitam peiianth leases 

The phyllotas^is of the flowei may be hke that of the vegeta- 
tive shoot, either alternate oi w hoi led In the former ease the 
leaves deseiibe a spiial lonnd the axis , m the latter they foim 
geneially four definite whoils Instances of the foimer may be 
seen m the male floweis of Pnins and other Conifeis, and 
among the higher plants m the Water -hi j 

Spnal phyllotaxis is most nstial in the G\mnospeims, and 
wild led ill the Angio&peims 

In one of the most highly oigamsed of the flowers of the latter 
gioup we can lecognise foiii whoils of leaves airanged upon an 
axis 01 thalamus Usually the thalamus is terminated by the 
ultimate whoil of leaies, but m some eases it glows out beyond 
it, and may then beai a number of oidmaiy fohage leaves 
This is, howevei, legaided as altogethei abnormal, and only 
occuis in consequence of some disturbance of nutrition The 
mteinodes of the axis between the whoils of leaves aie usually 
not developed, so that the lattei aie \eiy closely piessed 
togethei. 

The two low’ei whorls of leaves constitute the peiianth, and 
do not beai siioiangia The other two aie spoiophylls, and bear 
mioiosporangia and macrosporangia respectively 

The most external of the whorls is known as the calya.^ and 
itb leaves aie called sejicds They aie usually gieen , they 
resemble fohage leaves m then struetuie and sometimes in 
aiDpeaiance , they aie piotective m function 

The second whoil IS the coioUu^ and its leaies aie 2^etah 
They aie generally hiiglitlv coloured and delicate in texture 
In some fioweis the calyx and corolla aie \ei;^ similar m 
appearance, being either gieen oi sejialoirZ^ oi coloured or 
]}Gtaloid In a few cases thej stand so closely togethel’ that it 
is difficult to see that there aie two whoils piesent In such 
cases the whole en\ elope is called a_pt^^ lanth 

The thud whoil is made uj) of the hist set of sporophylls, 
and bears the miciospoiangia This wdiorl is geneially called 
the and) ocemnu and its sopaiate paits aie stamens. These 
leaves aio much modified in form, consisting of an upper 
swollen portion, the antha , supported upon a somewhat slender 
stalk OTf lament The anther is sometimes sessile, the filament 
not being developed Each antliei usually contains two iiollen- 
sacs, or miciosporangia, in which are developed the microspores 
or pollen-grams 
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The final wholly winch iisncill% terminates the aMs, i<= known 
as the jjisfd oi gymrau m The spoioi>h\lls of wJiich it is 

cuDiposeil aic called and ma\ be distinct fiom each 

othei 01 united 1 )\ then cd"es to foim a solid body. The llnttei- 
cnp and the Poi>p\ aic instances ot these eases iespeeti^el\ 
llie caijiels oi the bod% tiamcd h% then union fonsist ot a 
hollow iiilciior iiait, ^ Hr cn tu ?/. and a teiiiiiual stielvvpoition, tlie 
stif/mn The stigma is st»mctiui< on the o\aiy, hut is 
geneialK ‘^cpaiaied fioin it b\ a ’-Icndei -'talk-liko poiUon the 
^fglr The inaei(*spoiani:ia oi o/ s uie de\ elo])c*d in the in- 
teiior of the o^aiy, geneially aiising liuiii llesln development 
of the edges ot the carpel known as the placenta Sometimes 
the placenta is borne upon the axis 

The true natnie ot the union of the eaij>els wnth each othei 
will be discussed in a succeeding section 

It IS customary to legaid the carpels as spoiophvlls, even in 
those eases in which the maciospoiangia leallv spring irom the 
axis, which in these cases protiudes into the cavity ot the ovary, 
as m the Polygonacea, alieady mentioned Othei instances of 
this aie tound m the Primulacese, the Piiimose family 

Si/mmet) y of the Floioci, 

The teim ‘symmetry’ has been vaiiously understood 1*\ 
diffeient botanists It was foimeily usual to desciibe a tiowei 


Fio 241 Fio 242 



Fiff 211 Plowei of Cicts^ultt r?fhi*ns t Sepa,!*! j* Petals e, e 
Stamens n, o Carpels, at the base ot cadi ot whidi i*! seen a scale, et 
Fu^ 2i2 Flo^^ er of a 


as symmetiical when all the whorls of its membeis have an equal 
number of xiarts, oi' when the parts of one whoil aie multiples 
of those of another Such a flower is prefeiably to be described 
as•^somero^ts. Thus, in some species of O? asstda {fig 241), w'e 
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have a flower composed of five sepals, five petals, five stamens, 
and five carpels , in 8edum {fig 242) we have five sepals, five 
petals, ten stamens m two rows, and fi^ e carpels , in the Flax 
we ha\ e five sepals, five petals, five stamens, and five carpels, 
each of vhich is paitially divided into two by a spurious dis- 
sepiment {fig 421) , in Ci7*ccsa {fig 243) we have two members 
in each whoil, in the Bue {fig» 277) we have four or five 
sepals, four or five petals, eight or ten stamens, and a four- 
oi five-lobed pistil , and in the Ins there are three members m 
each whoil "When the number of parts in each whorl does not 
correspond, or when the parts of a whorl are not multiples of one 
another, the flower is liete't o'^yierous^ as in Veihena, where the 
cal^^x and corolla have five parts in each whorl, and the androe- 
ciuiii and noecium only foui 

In an isomeious flower the number of paits is indicated by 
a Greek numeral prefixed to the teimination -me^ous Thus, 


Fig 243 Fig 244 



Fw 2t3 Di.is'ram of the Acj'vn ci of Cit i a a Fuf 24 1 Biasri xm of the iiow er 

of Ffaphtflea piNnrtfa 

wdieii there aie two parts m the whorls, as in Cnema {fig. 
243*), the flower is dimerous, and the symmetry is said to be 
hinaiy or tivo-jnemhey ed This arrangement is thus marked, 
When there are thiee parts in a whoil, as m the Squill, 
Ins, and Lil;V» the flow*er is tizmerous, and the symmetry 
IS ternary, ti iqonal, oi ti%ang'ular , it is indicated thus, 
"^Vhen there aie four parts in a whorl, as frequently in the 
Bue (^<7 277), the flower is teti ameyous, and the symmetry, 
which IS marked 4/, is quate^ nary or feti aqonah When there 
are five paits in a whorl, as in Ciassula 'yuhens {fiq 241), the 
flower IS said to be jpentame? oiis, and the symmetry, which is 
marked thus, v/, qiiznary ox pentagonal. 

Of the above ariaiigements, the pentamerous is most common 
among Dicotyledons, although the tetramerous is also by no 
means rare , while the tnmerous is generally found in Mono- 
cotyledons. 
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Altlioii"li a symmetiical flower, as above described, neces- 
sarily infeis that the paits m each whorl are equal to, or some 
multiiile of one another, still it was very common for botanists 
to call a flowei sxmmetncal when the three outer whoils corre- 
spond m such particulais, while the paits of the ^^ynceemm are 
unequal to them , as in SiaphyJea pinnata 244), where the 
thiee outei whoils aie x>entameious, while the pistil is dimerons. 
The g^noecium of all the oiqans of the flow^ei is that which least 
fiequentlj coiiesiionds in the ntimher of its paits to the other 
whoils 

By most botanists, how e\ei, a flower is said to be svmmetri- 
cal when it can he diiided by any \eitioal section into two 
piecisely similai hahes, the dilferent hahes pioduced by eiery 
such section bemg es^aetly alike. Such flow ers as those of the 
Lily, or Ciasstila Kfig^ 241), are mstances of this s\ mmetry A 
flower which is symmetiical in this sense is also called aciino- 
‘inoijpliic Flowei s wdiich can only be divided b% one such 
section into tw’o smiilai halies aie called Such 

flow’^eis aie found m the Aconite, the Pea, the Dead-nettle, &:c. 
The line thious^h which the section must pass to bimg about the 
lesult is called the jilane of symmety y ^ it ma^ be ant eio -post eiior, 
as in the floweis mentioned, oi lateial, m the Fumitoiy , or 
obhque, as m some membeis of the Solanaceje When a divi- 
sion into tw o similai ball es is not possible by a section m any 
plane, the flower is said to be asyminetiicaJ^ 

Vaiious othei teims aie used m describmg flowers, which 
will be best alluded to heie Thus a flower is said to be comjplete^ 
when the foui whoils — calyv, corolla andioecium and gynoecium 
— are piesent, as in the Rue {fig 277) , where one or more of 
the whorls IS absent, the flowei is incomplete {figs 251 and 252). 
When the parts of each whorl are uniform in size and shape, as 
m the Rue, the flower is ? egular , undei other circumstances 
it is %ryeg%ilay , as m the Pea {fig 303) 

In a normal arrangement of the parts of the flower, the 
successive whoils alternate with each other, as shown in. figs. 241 
and 243 , thus here, the sepals alternate with the petals, the 
petals with the stamens, and the stamens wath the carpels 

A perfectly noimal and typical flower should possess a calyx, 
corolla, androecium, and gynoecium, each of which should he 
so arranged that its paits foim but a smgle whorl , the different 
whorls should consist of an equal number of membeis, the parts 
of successive whorls should alternate with one another ; and 
tke members of each should be unifoim in size and shape, and 
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difotinct fiom each otliei and from, the neighbouimg whoils This 
normal oi tTpical dower is, howevei, liable to vaiious altera- 
tions, aiismg fiom seveial di&ttu'bing causes, which modify alid 
disguise one or moie ot its typical chaiacteis Some of these 
causes have been aheady alluded to in the description of the 
diffeient oigans of the do-wer, but it will he necessary for us to 
in\ e&tigate them more fully here, and classify them for systematic 
study All the moie important deviations of the flowei fiom its 
normal chain ctei may be aiianged under the ^ol]o^\mg heads — 

1. Iiicgulaiitj of foim in the membeis of one or moie of the 
whoils 

2 Multiplication of pai ts 

3 Supiiression oi aboition of a vihoil oi paib of a whoil 

4 Displacement oi mteifeience with the regulai alternation 
of the whorls 

5 Coalescence of the paits or members of a whoil with one 
another 

6 Coalescence of the members of one whoil with those of 
anothei 

7 Substitution of spual foi whorled phyllotaxis 

1 l7 } efyjda7 ziy of Fo^ui — This is most commonly seen m 
the peiianth whoils A sepal oi a iDetal mav develop a spin oi 
prolongation downwards from its base, as in the Laikspur or the 
Indian Ciess {fiq 295) If only one such stiuctuie is foimed tlio 
flower becomes zygomoiphic A gieat variety of foim of both 
calyx and coiolla is caused by unequal development of this kind, 
and it will be conv^ement to leserv’^e a detailed examination of 
the most frequently occurring cases till we discuss these whorls 
in detail Iiregulaiity of this kind is also faiily common m the 
whoils of the sporophylls 

2 AddiHon or Mulfi^lication of Peats — This may be con- 
sicleied under two heads 1st The addition of one or more 
entire whorls in one or more of the floral cycles. 2nd An in- 
crease in the number of parts of one or more whoils The 
foimer is commonly called auqmeniaUon^ the latter cliorists^ 
dedaijil. icaiioii ^ or zinlminq 

a Anqm entail on — The mciease in the number of whorls 
may oceui in one or moie of the floial cycles Thus the Bar- 
berry ( fiq 245) has two whorls of sepals, two of petals, and two 
of stamens , in this flower, therefore, we have an addition of one 
whorl of oigans to each of the three external floral circles In 
the Poppy, vve liave a number of additional whoils of stamens 
{dg 246). 
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The inciea&e in the number of the boils is inoct common 
amons< the stamens. Teiy h‘e(iiientl% tlieie is one extra \ihoil 
mtercalated heie, so that the stamens are t'wice as mimeions as 
the se2)ala or j)Gtals So constant is this occurience m Mono- 
cotyledons that mam botanists ie*<aid two w hoi Is of stamens as 
a iioimal feature of that pjionp Such tioweis aie said to be 
di;plosieiao}ious^ in contiadistmction horn those with one whorl 
which are called i^ostemonous 

The new w'hoil qenerallv falls into symmeti ical position with 
the otheis, beiii" alternate wuth the outei stamens on the one 
side and the carpels on the other Sometimes, as in Gcianiacege, 
this alternation is not obseived, and of the two whorls of sta- 
mens the outer is opposite to the petals. This condition is known 
as ohdijglostemomj. In such a fiower the departure from normal 
symmetiy, due to multiphcation, is complicated by a further 
one of displacement. 


Fig 245 Fig 246 Fig 247 



Fir/ 215 'DiB.fxram of tlie flovvei of the Barhenj (Dp/ he/ is) Fif/ 24C 

Bia^aam of the flo^\er of the PtiiJiiy {F/tpun / ) Ftr/ 247 Diamam of 

the flow ei of Buckthorn (HAamnu', cntha/ ficus) 


b Chortsis 0} Deduplication — Tins is geneialh looked ujiGn 
by botanists as another means of multiplication of the xiaits of a 
fiowei It consists in the di\ision or splittmg of a member m 
the comse of its de^ elopment, bj’' which two oi more membeis are 
produced in the place of one Choiisis diffeis from augmenta- 
tion m the fact that it not only increases the numbei of paits, 
but also mterferes with their legular alternation, for augmenta- 
tion does not necessarily interfeie with alternation, though it 
may obscure it when the numbei of additional paits is excessive, 
or when the whoils are crowded together 

Chorisis may take place in two ways, either tiansversely, 
when the mereased parts aie placed one before the othei, which 
IS called vc'i Heal, parallel, or fiansvetse cl^ol^s^ 8 , or collateially, 
when the mereased paits stand side by side, which is termed 
collhteral clioi ists. 
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Ti^ansverse clior'ists is supposed to be of frequent occurience , 
thus the petals of JjyclvniB (^fig 327, a) and many other Caryo- 
phyllaceous plants exhibit a httle scale on then mner suifacS at 
the pomt where the limb of the petal is united to the claw A 
somewhat similar scale, although less de-velojied, oceuis at the 
base of the jietals of some species of Hamvmculus {fig 824) 
The formation of these scales is supposed by many to be due to 
the choiisis or unlinmg of an mner portion of the petal from 
the outer Each petal of Pmoiassia {fiq 826) has at its base a 
petal-like appendage divided mto a numbei of paits, somewhat 
resembhng steiile stamens, this is also stated to be pioduced 
by transverse choiisis 

In plants of the orders Bhamnacese {fig 247), and others, the 
stamens are placed opposite to the petals, hence they have been 


Pio 249 



Fiti 248 Diagram of the ei of the common W'’allflo\\ er Fiq 249 

Flovver of a bpecies of Sitfeptanthns with tlie floral enyelopes removed, 
show mg a forked stamen in place ot the two anteiior stamens From 
Q-ray Ftg 250 Diagram ot the flower ot the Fnmitor\ 


supposed by many botanists to be produced by cbonsis from the 
coiolla , but others explam this opposition of parts by supposmg 
the suppression of an intermediate whorl Transverse chorisis 
IS frequently to be found m the androecium, but it is less frequent 
m the gyncecium Examples of transverse chorisis m the 
gynoecium are furnished, however, by Crassula {fig 241), where 
each carpel has at its base on the outside a little greenish 
scale, a, c&, which is supposed by some to be due to it 

It will be observed, that m the above oases of transverse 
cbonsis, the psirts which are produced do not resemble those 
from which they arise, and this appears to be a universal law in 
this form of chorisis. 
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Collateral Chortsis ^ — "We haTe a good example of this form 
in the Stock, "Wallflower, and other jjlants of the order Cruci- 
ferg» ‘248). Within the perianth we find six stamens, of 
these two are placed opposite to the lateial sepals, while the 
other four are i>laced in pans opposite the anterior and posterior 
sepals , we have htre, therefore, four stamens instead of two, 
which result from the collateial chorisisof those two In some 
CruciferiE, as Sh ejjiaitfhns {fiq 249), we have a stiong confir- 
mation of this Mew piesented to us m the fact that, in place of 
the two stamens, as commonly obseri ed, w e have a smgle fila 
ment forked at the top, and each di\ ision beaiing an anther, 
which would seem to arise horn the piocess of chorisis bemg 
arrested m its progress. The flowers of the Fumitory aie also 
generally considered to aflord another example of collateral 


Pig 251 


Fig 252 




JFiq 251 Flowei of Qoosefoot {Chenopodium), \Mth only one flor\l envelope 

(monochJamydeous) Fvt 252 Flo\\ei of the common Ash {Fiaxinns\ 

m ■which both floial emelope-^ are absent {ac7tlanntdt*ou'i) 


ehorisis. In these we ha\e two sepals {fig 250), foui petals in 
two rows, and six stamens, two of w'hich aie perfect, and four 
more or loss imperfect ; the latter are said to arise from collateral 
ohorisis, one stamen hero bemg divided into three parts. Othei 
examples of this form aie by some considered to be afforded by 
the floweis of many species of Hggpertciim {fig. 262, fi f) , m 
which each bundle of stamens is supposed to arise &om the 
repeated chorisis of a single stamen. Another explanation of 
this stiucture will be found on page 137 

3. 8ujpp7 essioTi or Ahortzon. — The suppression or abortion 
of parts may either pertain to entire whorls ; or to one or more 
parts of a whorl We shall treat this subject briefly imdei 
these two heads- 

a^ Su^pres8%07i or AhoTt%on of one or more 'Whorls . — ^We 
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have already stated that a complete flower is one which con- 
tains calyx, corolla, androecium, and gynoecinm When a w^orl 
IS suppiessed, therefore, the flower necessaiily becomes in- 
complete This supxnession may either take iilace in the floral 
envelopes, oi in the sjporo’pliijTls 

Sometimes one whorl of the floral envelopes is suppressed, as 
m Glieno^podium ( fig 251), in vliich case the flower is a^etalous 
or monochlamydeo 2 is i sometimes both whorls aie suppressed, 
as in the common Ash {fig 252), when the flower is nahed or 
acMamydeous 

When from such suppiession only one perianth whorl is 
present, it is nsnal to speak of it as the calyx, though it may be 


Fio 253 Fig 254 



petaloid oi coloured as in Caltha and Anemone. Its cal^-- 
cine nattU-'e m these cases can be determined by a comparative 
examination of other closely related flowers, as the Hellebore, 
where the true petals ha^e undergone a ctuious change of form 
In some cases the calyx appears absent, as in the Valerians and 
most Umbelliferse It is, however, only partly lost, being united 
throughout most of its length with the ovary, and only exposing 
a rim at the top of the lattei {fig 290) 

Suppression of a whoil of sporophylls is not uncommon, 
in such a case the flower is said to be imperfect The andrcecium 
oi gynoecium may be thus suppressed, in either of which cases 
the flower is umsexiial , if both aie suppressed, as in certain 
florets in some of the Comxiositse, the flower is termed neutet* 
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When the stamens aie aboime it is jjiUHlate {jirj 254j , when 
thejpistil IS absent it is stamznafe (Jjg, 253) 

D Sujijpreasion of one or mote Members of a Whorl — This 
IS a %ery common cause of de\iation from noimal stiuctiire, 
we can heie only brmg forward a few examples 

This stippiession of paits is most Sequent m the g\ncecuim 


Fi<r 255 


Fut 256 


FitT 257 



JF^vj 255 Diagiam of tlie fluwei of the 1 vf :;5b Diaiyram 

ot a Leguminous iioivei Bvj 257 Diagram ot the flov\oi ol 

vet/ mjto/ a 




Thtis m Ehamntis {fig 247), w e have five sepals, fi\ e petals, five 
stamens, and three carpels , here two caipels are snppiessed. In 
the Heartsease {fig 255) we have agam a pentameroiis flower, so 
far as the cal;v x, corolla, and andrceemm are concerned, but only 
thiee carpels, two carpels being here suppiessed , in Leguminous 


Fig 258 



Fig 259 





Fvj 258 Diagram ot the flo\ver of T/opiLolt/m pe/ita- 

phyljttm Fm 259 Diagtam ot flowers ot Euphor- 

biaceous pHiits becoming more and more siaiple 
Attei Jussieu 

1 Staminate flow ei of Tratfut iannahinti 

2 „ „ Ttaqia voliibilis 

S „ Anth(M,tema 

4 „ ^ Jt/t:‘nopt'7fts e^ollitjumjct 

5 „ , lupho/hut 


plants {tig 256), we ha\e tite sepals, fi\e petals, ten stamens, 
and only one caipel, foui of the lattei being here suppiessed, in 
plants of the order Compositas the calyx, corolla, and androeemm 
have each commonly fi’se members, but only two carpels are 
present. 

in some species of ImpaHens {fig* 257), we have five carpels, 
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five stamens, and five petals, but only three sepals ; here two 
sepals are suppressed , in Ti opceoJum pentaphylhim {fig 238), 
there aie five sepals, and but two petals, three of the latter 
being here abortive In the Labiatae and Scrophulariaceae one of 
the stamens is commonly suppressed, and sometimes thiee , 
thus m Laimuyn we ha\e five parts ^ to the calyx and corolla, 
but only four stamens , and in Salv%a we have also five parts 
to the calyx and corolla, but only two perfect stamens 

The abortion of whoils and parts of a whorl is well illus- 
trated by plants of the Euphorbiaceae, and the diagiam ficom 
Jussieu {fig 259) will show this fact in a remarkable manner 
Thus, in No 1 we have a flower consisting of but two whorls, 
the petals and carpels being suppressed , in No. 2, while the same 
whorls are present, one of the stamens is absent ; in No 8 two 
stamens are missing , m No. 4 the calyx is suppressed, and one 
stamen, the place of the calyx bemg occupied by three bracts , 
while in No 5 the place of the calyx is occupied by two bracts, 
and there is only one stamen piesent, this of itself constitutes 
the flower, which is thus reduced to its simplest condition. 

Besides the above examples of the suppression of parts, 
theie is another kind of suppression, to which the term ahortion 
more properly applies This consists m the deqenei aitoyi or 
transfoi maHo7h of the parts of a flower Thus m 8crophula'i%a 
the fifth stamen is i educed to a scale , in the Umbellifcrae the 
limb of the calyx is commonly abortive, while in the Coini>ositie 
it IS either abortive {fig 291), membranous {fig 292), oi le- 
duced to a pappose form 

Stamens which have undergone such degeneration are known 
as staminodes The anther is usually replaced by a somewhat 
foliaceous expansion which has no pollen-sacs 

In some cases such degeneration is accompanied by an 
increase m the number of the membeis of other whoils In 
cultivated semi-double floweis we fiecpiently find both stamens 
and caipels paitially transformed into petals, and the numljer 
of the latter considerabW increased 

4 DiBplacemeni — This results in the superposition of ap- 
parently successive whorls which m the normal flower are 
alternate with each othei In some cases it is only apparent, and 
IS due to multiplication of the whorls, as in the Baiherry aheady 
described The x'esult of the multiplication in the latter is that 
each petal has a stamen before and a sepal behind it {fig 245). 

In the Lily- of- the -valley there is a six-parted perianth, ifi^aoh 
lobe of which has a stamen m front of it This is not due. 
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however, to displacement. The perianth is the representative 
of two whorls of leaves which alternate with each other, and 
there are two whorls of stamens withm the perianth, also 
legularly altematmg The flower bemg \eiy small, the bases of 
all these lea\es are crowded closely together, and the true rela- 
tion of the parts can only be detected by careful examination. 

In many cases, how evei, paiticularh m the corolla and andioe- 
ciuin, the members of tw^o succeeding w hoi Is aie superposed. 
Allusion has been made to such displacement m the case of the 
stamens of obdiplo&temonousfloweis, the outei whorl of w hich is 
superposed upon the petals, while the mner one stands opposite 
to the sepals. In several natural ordeis *— Plumbagmaceae, Pinnu- 


Fro 260. 


Fur 261 


Fig 262 



jTu/ 260 Diagram of tlie flower of a species of Phimhitno Fiq, 2b I . 

Moiiadelphous stamens of Malva Fig 262 Triadelj^lious stamens of a 

species ot Hypeiicum 


lacesE, and Rhamnacese, for example— the stamens, w^lncb are 
isostemonous, stand each m hont ot a petal [.figs 247 and 2C0). 

The anteposition is generally explamed by the suppression 
of an external whorl of stamens between those remammg and 
the petals. Tiaces of these missing stamens are seen m some 
flowers , thus m Samolua, a genus of Pnmulacese, theie is 
found in this position m the flower a whorl of stammodes. 

5. Cohesion of Pai tSy or the Coalescence of the Mevthera of 
the same Whorl — We have seen that m the tyincal flowei the 
membeis of each whorl of floral leases are distmct from each 
other. This is, however, veiy frequently not the case , the 
calyx, instead of bemg evidently foimed of a numbei of sepals, 
appeals like a more oi less cup-shaped body with a number of 
teeth. The cup may be cleft nearly to the base, or the teeth. 

be very small and almost mconspiouous The corolla, 
again, may be evidently detachable as a single structure. The 
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teeth may be legular oi iiiegular m size and shape, giMiig use 
to many forms which will be desciibed m detail iatei T^ie 
stammal whorl is less fieqnently affected by this coalescence, 
but it is extiemely common m the pistil 

When a perianth whoil is made up of separate lea\es it is 
said to be or eleiitlie-i osepalous^ elewtlie'i oi^etalous^ 

&c When coalescence has taken place, it is called qamo- 
se^paloiis or - 2 ^etalous When the stamens are united thus by 


Figt 263 



Fiq 263 Apocaipous pistil of tlic niea<?ant’& e>e ( F?r/ 261 

riowei of Sti aw bell y, -with stipulai epic iljv Fir/ 2t>5 a Diagiam ot 

tlnee caipels, placed side by bide, but not united & A tiansvoi«c section 

of the ovaries of the same Fi<f 206 rt Diagiam of tin ee cari)cls united 

b j tlieir ovaries, th e styles and btigmas bein g li cc & A ti ans^ ei se section 
ot the ovaiies of the sime 

their filaments, they aie said to be monadclphous^ as in the 
Mallow ( fifj 261) Sometimes the apiiaient union does not in- 
clude all the stamens, but these aie gatheied together into two 
01 moie bundles oi phalanges, as m Hyjpcr/cxim {fiy 262) 

A pistil whose caipels aie distinct is said to ]>e (f/jocarjjons, as 
m the Buttereux> and Pheasant’s-ej e , one in which they aie 
united IS called &y7ica?2y<)us, as iii the Lily The union may be 
confined to the ovary, or may extend to the lo and stigma 
Sometimes the coalescence of the membeis of the whoil 
involves also those of the next whorl above it Thus, in the 
Lily-of- the- valley both perianth whoils, which weie originally 
alternating with each othei, ha\e all coalesced into a six-toothed 
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bell, appearing like a gamopetalous corolla These are said to 
be qamopliyllous 

In Rosa, Rcientilla, and a ^e^\ othei jjlaiits of the same 
tamilj , the cohesion of the sejials is still more comphcated by 
the tact that each sepal is stipulate, and the stipules also are 
coalesced into '\%hat le^embles a -^hoil of bracts below the calj't 
(/z «7 264) This is kno'^n as an ejjicalyjL , it must not be con- 
fused with the epical yx of the Mallow", w"hich has a different 
origin, as already desciibed ip age 99) 

Though the teim cohesion has been u^ed to desciibe this 
coalescence, it must not be supposed that xiaits oiiguially 
fi.ee have become united The young lea\es originate on the 
thalamus as separate outgiowths, but the apical growth soon 
stops, and basal growth leads to the outgrowth of the whole 
annular zone of the young leceptaeie on which the leaves have 
appeared Thrs zone is loalK composed of the bases of the 
separate lea^es, wdnch are developed thus together, much as 
are the wmgs of the separate branches of the epipodium ot a 
pinnatifid leaf 

A few cases of tine cohesion of parts originally fi'ee are met 
with. Thus in Ascle^ytas the stigmas cohere together and to 
the anthers of the ilowei. In a species of Loriiceia the manes 
of two opposite flowers of an inflorescence umte to form a 
connate fruit. 

MTieie the stamens of a flower are gathered into several 
bundles, as in RLyjpei icicm, the condition is probabl\ due to the 
Lranchmg of a correspondmg number of original protuberances. 

Other cases of cohesion will be refeiied to latei 

6 Adhesion of Parta, oi Coalescence of the Alemhet s of one 
Who} I luith those of anothei — This agam is a \ery common 
disturbance Normally, the several whorls are placed upon the 
thalamus in such a way that their aciopetal ordei of succession 
can be lecogmsed The o^ar;s stands at the apex of the 
thalamus, and is said to be supeno? The calyx is as evidently 
the low^est whoil, and is termed infetior The corolla and 
stamens spiingmg fiom below the ovar^’ are said to be hi/j^o- 
gynous {fig 267) 

Often, however, the base of the cM’^v is found to be spread 
out into a sort of cup, and the petals and stamens appear to 
sprmg fiom it at a little distance from the thalamus The 
corolla and stamens are then said to be perzgynous {fig 269, 
fig 268) The cup of the calyx bearing the stamens and petals 
may surround and closely embrace the ovary, when the latter is 
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said to be inferior, and the corolla and stamens are ej^%gyno%iB 
{fig 270). Though the pistil appears to bear the other who:^ls 
upon its apes, this is not leally the case , it is always the teiminal 
whorl. 


Fio 267 Fio 268, 


Fig 269 



Fifj 267 Hypogi nous stamenfa of Buttercup Ftg 268 Pengynous 

stamens ot Cherry Fig 269 Perig> noiis flower o± Strawberiy 


Another interpretation of the structure of the inferior ovaiy 
is possible in many cases It may arise from the early sup- 
pression of the apical growth of the thalamus and the continua- 
tion of the development of its peiipheial tissue, which thus rises 
as an annular zone or cup On the margin of this cup aie 


Fig 270 Fig 271 



Fiif 270 Epig>noub flower ot Myrtle Fuj 271 Epipetaloub 

btamens ot Prmuose 


developed successively the perianth, stamens, and carpels The 
latter close in above the cui) and cover ovei its cavity, extending 
some distance downwards internally The outer wall of the 
ovary is so formed not of the calyx tube, but of the hollowed- out 
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thalamus or receptacle. This view of its origm is supported by 
the fact that m some cases the ovary of the Gooseberry is fotmd 
to have one or two small foliage leaves springmg from, it, indi- 
catmg the axial nature of the outer wall 

Adhesion between the stamens and petals is very common. 
It IS geneially associated with cohesion in the corolla, and is 
accounted for by the outgiowth horn the receptacle of an annular 
zone from \vhieh spring both petals and stamens These arise 
from it by apical giow^th at first, but this is soon replaced by 
basal as before described, and the whole of the bases of the two 
whorls are so developed as a smgle band of tissue The origm 
is thus comparable to the fusion of all the peiianth lea\ es m the 


Fig 272 



e 


.Fig 272 Flower of tbe White Watei-lilj {yimipluea ulba) reduced in si-ae 
Atter Jussieu c, c, t, c The sepals Fetals e Stamens The 

Ijarts on the right show the graduxl transition from the cal\x, c, to the 
petals, Pt and from tliese orgms to the stamens, t The stamens Iroui 
1 to 5 aie giadually moie distinctiie 

Lily of-the-vaUey already described Such an arrangement of 
stamens is called ej^%j^etalou8 {fig 271) 

7. Sjpvral Phyllotaxzs* — This is less common than the other 
cases of interfeience with normal symmetry. There are two 
degrees m which it exists a. The whole of the fioral leaves may 
be arranged spirally, as m the Water-lily {Nyynjphcea) {fig* 272) 
Here the members of the separate whorls show gradual transi- 
tion from one form to the next The outer leaves are gieen 
and sepaloid , as we pass inwards their green hue is giadually 
replaced by white, till they are evident petals ; there is a 
similar transition from petals to stamens, the leaves beco min g 
ij^arrower and mdications of anthers appearmg at their s ummi ts, 
till the defimte staminal form is reached. Such fiowers are 
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known as acyclic h. The peiianth may be in whorls and the 
sporophylls arianged spiially This is the case m the Butteicu^, 
where there are two series of spirals, the andioecmm and 
gynoecmm. They do not show a tiansition to each other as m 
the foimer case The flower of the Buttercup is termed hem%- 
cyclic 

Other forms of inteifeience with normal symmetry aie due 
to modification of the floral axis or thalamus These will be 
discussed later Sometimes a flower which is normally zygo- 
morphic, fiom a smgle petal being spuried, becomes regular, 
de\ eloping spurs to all its petals Such a flowei is called pelo'i ^c 

The Parts op the Flow’-er* 

We must now examine the struetuie of the flowei m greater 
detail, dealing with the axis and its modifications, and with the 
peculiaiities of the sepaiate floral whorls. 

(1) THE THALAMUS 

The extremity of the peduncle or pedicel, or any part of 
the axis upon which the paits of a solitary flower aie arianged, 
has been variously distinguished by botanists as the ihalaonus, 
*ieceptacle^ and torus 

In the majoiity of plants it is a little flattened surface oi 
point, and aocoidingly presents nothing lemaikable, but in 
other plants it becomes much enlarged, and then assumes a 
variety of appearances, and thus modifies to a consideiable extent 
the form of the flow^ei In the species of Magnolia, 
dron^ and plants of the order Magnoliacese geneially, the 
thalamus is cylindrical {fig 407, a) , in plants also of the older 
Anonaceie it usually acquires a somewhat similar foim , m the 
Baspberiy {fig 409, T) and species of Ha^iimctdua {fig 267) it 
is conical , m the Strawberry ( fig 269) hemispherical , in 
’l^elumb%iun {fig 273, thal) it is a laigo tabulai expansion in 
which there aie a nunibei of caMties containing the sepaiate 
carpels In the Hose it forms a concavity upon which the carpels 
are placed ( fig 280, r, } ) 

In the Pi imulaccje, Santalacede, and m all cases wdieie the 
placenta is free fioin the wall of the o\aiv fiom its eailiest 
appeaiance, the thalamus becomes luolonged into the cavity of 
the ovaiy and foi ms the j)lacenta { fig 438) At other times the 
thalamus becomes piolonged be;;yond the ovary, as in the Gera- 
niaceae and Umbelliferae , this prolongation is termed a carpo- 
Ijlio^e. In the species of Gera/nvitm {fig 443, c), this carpophore 
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forms a long beak-like process to which the caipels, r/yr, are 
attached, and from which they sepaiate when the Iriiit is rii^e 
In many cultivated flow ers, as m the Rose, the thalamus w ill 
sometimes acquire a monstious de'^ elopment, and become ex- 
tended beyond the flowei into a branch beaimg fohago lea^es 


Fig 273 Fr*c 274 



I^ig 27S thal Thalamus of Xelumhium urrp Carpels 274 Mon- 

strous dev^opmeiit of tlie flo^^er ot the Bose, sho\v miar the a\;ia prolonged 

hevond the and bearing foliage leases JF'ig 276 yio\\er of a 

species of Gvnfi}id}ap'>i^, belonging to Cappandacoee tal Caly^: cm 
Corolla thal Prolonged thalamus or gynophore, supporting the stamens, 

6i, and ovoi^, ot 

(fig. 274). To this prolongation of the axis beyond the flower 
the term Tned'ian jproT'ification is usually apphed 

In some plants one or more mtemodes of the thalamus be- 
come elongated and form a stalk to the ovary, to which the term 
gyno;pliore has been apphed , this usually happens between the 
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perianth and the sporophylls Examples of this may be seen 
in some of the Capparidaceae 275, tliaT ) ; in the Pink 

{fig. 405, g), D^ctamnus {fig 427, g), and XanthoxyJon {fifg 
411, g) 

Sometimes the thalamus piesents ceifcain modifications of 


Pig 276 


Pig 277 



Fig 276 Flower of the Fennel iFoemculum capillaeeuni) The ovary is sur- 
mounted by a disk, d Fig 277. Flow'ei of the Bue ^Ruta giaveolen^i) 

The pistil IS surrounded by a disk in the form of a fleshy hypogynous nng, 
on the outside of which the stamens are inserted 


form "which are seen between the floral whorls They are due 
to changes m particular mternodes, and generally occur above 
the perianth leaves. Any such modification of the thalamus is 
known as the disTc. Under this term we include all bodies of 

Fig 278 Pig 279 




Fir/ 278 Pistil of the Tree Peconv CPoeo7iia Montan or Moutan o^Linalis) 

invested by a laige cup shaped expansion or disk Fk/ 279 Pistil of 

Stonecrop consisting of five distinct carpels, on the outside of 

each of which at the base a small scaly body may be noticed The pistil 
is compound and apocarpoub 


whatever form which are situated on the thalamus between the 
calyx and gynoecium, or which are upon or in connection with 
either of these organs, but which cannot be properly referred to 
them- 

The disk is developed in a variety of forms ; thus, m the 
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Orange and Rue {fig 277), it forms a fleshy ring surrounding 
the base of the pistil , m the Tiee PsE^ony ( iiq, 27B), it occurs a«> 
a€arkred cup-shaped expansion eoieiing nearly the whole of 
the pistil except the stigmas ; m the Rose and Cherr;^ i fig* 26B), 
It foims a sort of waxy lining to the tube of the calyx . and in 
Umbellifeious plants the disk constitutes a swelling on the top 
of the ovaries adhering to the styles (fig* 276, d) , this latter 
form of disk has been teimed the stylojpodium In other cases 
the disk IS reduced to little sejiaiate glandular bodies, as in 
some Cruciferous plants , or to scales, as in the Stonecrop 
279), and Vine {fig 344), or to larious petaloid expan- 
sions, as m the Coliimbme. 

When the disk is situated under the ovary, as in the Orange 
and Rue ( fig* 277), it is termed hyjgogynoiis ; when it is attached 
to the calyx, as in the Rose and Cherry (fig* 268), it is perigy- 
nous ; or when on the summit of the ovary, as in UmbeDiferous 
plants (fig* 276, d), epxgynous , these terms bemg used in the 
sense already described 

(2) THE W'-Honns of perianth leax^bs 
a The Calyx 

We hax’e already stated that the calyx is the outeimost 
envelope of the flower, and that it is composed of one or moie 
leafy organs called sepals These sepals are usually green like 
the fohage leaves, by which chaiacter they may, m most cases, 
be distinguished fitom the petals, as xv’ell as by the position and 
moie delicate texture of the latter There are numerous 
instances, liowexer, especially when the number of petals is 
much mereased, in winch there is a gradual transition from, the 
sepals to the petals, so that it is difbcult or almost impossible 
to say, m many cases, wheie the calyx ends and the corolla 
begins The White Water-lily (fig 272) affords a familiar and 
good illustration of this In some plants, again, the green 
colour disappears, and the calyx becomes coloured with the 
same tints as the corolla, or with some other bright hues. In 
such cases it is said to be petalo%d^ and the chief distinctive 
character between it and the corolla is then afforded by its 
position on the outside of the latter organ. The Fuchsia, 
Indian Cress, Columbine, Larkspur, and Monkshood may be 
mentioned as affording famihar examples of a petaloid calyx 
amongst Dicotyledons. In Monocotyledons generally, as m the 
LUy> Tulip, Crocus, and Squill, the two floral envelopes are 
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usually colouied, although sometimes gieeu, and in othei le- 
spects so closely resemble each other, that we then use the collec- 
tive name of to indicate the two whoils taken togethGr 

When there is but one whorl of floral envelopes, as in the 
Goosefoot {fig 251), it is cu&tomaiy to call this the calyx, 
whethei it is colouied oi giecn 

In their structuie, \enation, and ehaiacteis generally, the 
sepals resemble the foliage leaves They exhibit various oha- 



Fig 281 Fig 282. 



Ftff 280 Veifcioal section of tlie flovrei of the 
Bose t Concave thalamus, upon which 
are placed be-veral ciipels, o, o,oach of which 
IS fiirmbhod wutli a stj le an<l stigma, t e 
Stamens ct Tube of the calvx c/, t/ Fiee 
portions ot the crilj (h% ided at tl leii m xrgins 

Fig 281 Oalys: of Rumei unintus, ^it&c 

Jussieu ce Outer divisions of the calv'S 
which aie entue ci Inner divisions with 
hooked teeth at their margins g Swelling 

on one of the innei divisions F\g 382 

Flow er of Sti awberry (F/ agm la) w ith a regu- 
lai polysepalous calyx suiroundcd by a whoil 
of l^ty organs, to wdiich the name of epical \ x 

IS applied Fig 283 Flower of Monkshood 

(Acomtum with an iriegular poly- 

sepalous calyx The uppei sepal is hooded 
oi helmet-shaped 


racters as regards therr figure, margrns, apex, &c , although 
they are by no means so liable to such numerous variations in 
these particulars as the blades of foliage leaves exhibit* The 
terms used in defining these modifications are applied in the 
same sense as with the blades of leaves 

Sepals are almost without exception destitute of a stalk, or, 
in other words, they are sessile upon the thalamus. They are 
also generally entue at their margins, although exceptions 
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thife lattui chiiraotei occasionally oceni tliu^, m the Pj uii\ anil 
Ro'^e ( 2b(), #/, and cJOJ, rf », the aie iiitised m 

specie*>» oi Dock the\ aie toothi-d i nr/ ni 

ClitnuiPlaia turn j lumobum each s£x>al tliMtled into cleej) 
lobes oi i)aititions, and m if J^u tida the sepals aie first 

I)mnatisected, and then each segment pimiatitid. 

In then dnectiun, the sepals aie either etCLt oi tmnetl 
tipwaids, roHuiLent ui turned nmaids , /live f gent when s^n end- 
ing outwaids , or / 6V? iclien their exticmities aie tinned 

dow nwaids 

The sejials may be eithei distinct tiuiu each othei. as in the 
Poppy, Buttercui), \yalllio\\ei, and Straw beiiy { fir/ , or 

moie or less united into one body ( tig'^ 2S4-‘2S6», as in the 
Pimpernel {Jirf 284), Campion (Jig. 288 », and Henbane {fig* 
287) In the formei case the calvx i& usually termed jfoly 
sepalous, X>ohjpliyllou3^ oi dialijs^epalouB ^ in the latter it is 
commonlj called gamasejjalous 

1 PonibEP^nous, PoiiiPHinnous, on I>i tL\si*i» VLOUa C tnix 
A polysepalous calyx uia;^ consist ut two oi moie pait'^, the 
number bemg indicated by the piefax ot Gieek niimeials , 
as diaejpalous foi a calvx comx>osed of two distinct sepals, 
tr isejyaloua foi one with thiee, ieifusejialous if it has four, 
pe7itas€j)alous if five, liexasejjalous if six, liejptaaejialoua if seven, 
and so on 

A polysepalous calyx is called feguhi} if it consists of sepals 
of equal size and like figuie oi foim, and ai ranged m a sym- 
metrical manner, as in the species of Banunculus (fig* 230), 
and it IS said to be megiilat when these conditions aie not 
comphed with, as in the Monkshood {fig 283 > 

2 GAMOSEPAiiOiJb C 4 .I 1 YX — When the sepals are united so 
as to foim a gamosepalous cal^x, various terms aie used to 
indicate the different degiees of umon* Thus, the union may 
only take place near the base, as in the Pimpernel (fig 284), 
when the caljx is said to be partite , or it may take place to 
about the middle, as in the Centauiy {fig 285), wdien it is cleft 
or fissm'ed , 01 the sepals may be united almost to the top, as 
in the Campion {fig 286), when it is toothed^ or if the union is 
quite complete, it is ent%}e The number ot paititions, fissuies, 
or teeth is indicated by the same prefixes as those previously 
retell ed to as being used in dusciibing the dnisions m the 
lamma of a leaf, thus, a gamosepalous calyx where the divisions 
are five would be described five -pay tite or quznqitepaytite^ 
fvu&^cleft or qxbvnquefid^ five-toothed or quinquedeiitate, accord- 

VOL* L L 
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ing to the depth of the divisions In like manner the teims 
in %j^a.Ttzte^ or tyzdentate would indicate that such a caljx 

was tliree-]pai tvte^ three-cleft^ or ihree-tootlied^ and so on. The 



Ficr 286 



Fig 2&4 Paitite mteiioi calyx of the Pimpernel (AnagalJis) Fig 286 

Cleft or fissured calyx, of the Centauiy i^E) yth't tea) Fig 28b Dentate 

or toothed calyx, of Campion (Eyc/mu) 


number of divisions m the majoiity of cases corresponds to that 
of the component sepals of which the calyx is formed , although 
exceptions to this rule sometimes occur, as for instance m those 


¥m 287 


Pig 289 



Pig 288 




Fig 287 ITiceolate cal> x of the Henbane (.ffyo- 

seyamus) Fig 288 Bilabiate calyx of the 

Dead-nettle ( Lnmi uni) E tg JHO Vei tical 

‘section of the fiowei of the M^rtle (^MyKus 
comminiis,) uil Tube of the calyx adherent 
to the ovar^ , o s Stamens 


cases wheie the divisions are themselves divided into others. 
A little care in the examination will, howe\ er, generally enable 
the observer to distinguish the primary from the secondary 
divisions When a gamosepalous calyx is entire, the number 
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of sei>als can then he ahcei tamed b\ the 'venation, as the 
pimcipal veins tiom which the others* divei^e genetalU cuiie- 
siiond to the njidiibs ot the component sepal's In a gamo- 
sepalons caK-v m which the union e\isU m a inaiked degree, 
the i>ait wheie the sepals aie united is called the fu7it^ the fiee 
portion the lujih, and the oiitice of the tube the tlnoat oi/uitjs 
286-288). 

If the union between the sepals is une*iuah or the parts are 
of ditfeient sizes, oi of iiiegiilai iigiiies or lorms, the cul;vx is 
said to be u}€qula} {firf 2S8) , if, on the contiai;^, the iiarts are 
alike in hguie and torux, ot 
the same size, and united so 
as to form a symmetrical 
body, it IS regular KJig. 287J 
Some \ aiieties of the iiiegular 
and also of the regular caljv 
haveiecei^ed special names 
Thus in the Dead-nettle t tig 
288), the iiiegular cal;vx is 
said to be labiate, bilabiate, 
oi lijyj^ed, because the 
sepals of 'which it is composed 
aie muted in sucli a mannei 
as to foim t'wo hps Of the 
legular forms of the ga- 
mosepalous calyx a number 
are distinguished under the 
names of tubulay ,bell-8lia]ped 
or campanulaie, xirceolate 
{Jig 287j, conical, globose, 

&G The application of these 
teims -will be fuithei sho'wn 
when speaking of the corolla, m 'which similar forms occur, and 
m which they are usually moie evident 

The tube of a gamosepalous calyx, or of that of a perianth 
(the parts of Avhich, lil^e the sepals, aie fi equently united to a 
Tsmying extent), sometimes adheies moie oi less to the o'var’v, 
as m the Ins, Myitle {Jig 280, tul), in all the plants of the order 
Compositae, and m those allied to it {Jigs 290-292), and in 
numerous other plants TVhen this takes place, the cal^s is 
said to be adherent, or, because it appeals to aiise h'om the 
summit of the ovary, su pey loi , the ovary m such a case is then 
de^ribed as ^nfey^or When the cal;^'x is free, or q^uite distmct 

TU 2 


Fict 290 Fi<r 201 Fig 202 



Fvf 230 Calv's: of the IMaildci (Rnhia >, ad- 
lierent to the ovai v , irh its limb reduced 

to a mere rim Fitt 201 One of the 

tubular florets of the Ov-e\ t ( Vht manthe’- 
mum > The ca]\ v is completely muted to 
the 0 '\ ary and presents no appearance of 

T. limb Fiff 202 One of the tubular 

flui et-i of tlie SunfioTv er ( Ilfl^auth uh') Tlie 
limb of tlie adherent calyx it* mem- 
bi.inous 
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from the walls of the o\ai 3 ', as in the Pimpoinel {fig 
Walltiowei, Popp 3 % aiirl Biitteicnp, it is said to bo jtec^ 
adliey cnt, oi infet loi , and the o\ai 3 ' is then teimed sujjei loi 
When the eal.yx oi ]ieiianth is thus adheient totheovar^, 
its limb piesents canons modifications thus in the Iiis, Crocus, 
and Oichids, it jjctaloid ^ in the Quince, 6 ^ 02^5 {jig 299) , 
in the Sunflowei ( fig 292), and Chamomile, it is inemh^ ajtoiis ^ 
in the Maddet ( fig 290), it exists onlj" in the form of a cncular 
rim, while m the Ox-ej’e it is altogethei absent {fig 291) In 
the two lattei cases the calyx is commonly desciibed as obsolete 
In manj" plants of the oidei Composit*© and the allied orders 
Dipsacece and ValerianacecO, the limb ot the cal^'x is only 

de% eloped in the 

Fig 293 Fig 294 toim ot a circle 



293 Flint of theYaleimn ^uimounted by a toitheiy 

sessile pappu-^ ruf 294 Fj mt o± facabious bnimoimteil 

bj a stalked pilote pai>pu& 


or tuft of bristles, 
bans, 01 feabheiy 
processes, to 
which the name 
of IS 

gu en, and the 
calyx nndei such 
ciicumstances is 
said to be 
gjose. The pap- 
pus IS fuithei 
desciibed as 
featheiy or 
7nose, and simj)le 
or jpilose , thus it 
IS jeailiet y, as in 
the Valerian {fig 


93), w^hen each of its divisions is coveied on the sides by little 


hair-like iirojections arranged like the baibs of a feather , and 


2 nlos€, when the di\i&xons have no maiked projections fiom then 


sides, as m the Dandelion and Scabious {fig* 294) The pappus 
is also desciibed as sessile when it aiises mimediately hoin the 
tube of the adherent caljx, and thus appaientl^" from the top of 
the ovary 01 frmt, as m the Valerian {fig* 293) , and stalked 
or stijpitate^ if it is raised above the ovaiy 01 fruit, on a stalk, as 


in the Dandelion and Scabious {fig 294). 


AppE^iBAGKS OF THE C-ULYx — The calyx, whether gamo- 
sepalous or iiol^^sepalous, is subject to vaiious other iiiegu- 
larities besides those aheady alluded to, which arise fi’oin the 
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exi>ansion oi out \\ aids of one ol moie of the sepals 

01 the tube into aj)iionda"es oi pioeess.es of ditfeient kinds 
Tlfu's in the Monkshood {fiq the supeiioi sepal is pio- 

lon^ed upwaids into a suit ot hood ol helmet shaped pioeess, m 
Minch case it said to be hooded^ lielmei shaped^ oi qaleate 
In the AYalldow ei, and other plants of the Ciucifeije, tlio tMo 
lateial sex^als aie ex}panded on one side at the base into little 
sacs, when they aie teimed qibhous oi saccate If the call's 
has one oi inoie tubulai prolongations doMiiMaids, it is said 
to be spimed Only one s];>ur may be present, as in the 
Indian Ciess {dq 29o, c), uhere the spm is foimed by thiee 
sepals, Ol in the Paikspui, wheie it is formed by one , or each 
of the sepals may be sjiuiied In the Pelaigonium the spui, 
instead of being fiee from the x^^dicel as in the above instances, 
IS united to it. 


Fiff 295 Flow Cl of 
the lurlian Ciess 
{Tiopaolum) c 
Spuiieil calyx 
Fm 20G Ca- 
lyx ol JliJmcus 
sunonndecl by an 
epxcalvx or in- 
volucre 


On the outside of the caly\ of some floweis, as in those of 
many plants of the Mallow (fiq 29G), Pink (Jiq 300, b), and 
Hose oideis (da 282), theie is placed a whorl of leaf-like oigans 
which IS consideied by some botanists as an outei calyx, and to 
which the name of epicalijx or cahjculjiB has been accordingly 
given The tiue natuie of this outer whoil in the several cases 
has already been discussed 

Dur iTioN OF THE CaLiYK — The duration of the calyx varies 
in diffeient fioweis. Thus it is caducous or fuqacious, when it 
falls off as the flower exx)ands, as m the Poppy (fiq- 297) In 
the Bschscliolt^za the calyx, which is caducous, separates from 
the hollow thalamus to Mhicli it is aiticulated, in the form of a 
funnel, or the extinguisher of a candle A somewhat similar 
separation of the calyx occurs m the Muoalyptiis^ excejit that 
here the part which is left behind after t3ie sejiaiation of the 
upper portion evidontly belongs to the calyx, instead of to the 


Fig 295 Fig 296 
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thalamus, as m the former instance In these t^\o latter 
cases the calyx is said to he calypti ate oi ope-iculaie "When 
the calyx falls off about the same time as the coiolla, as*in 
the Cio\\foot oi Butteicup, it is called deciduous^ In other 
cases the calyx remains aftei the floweimg is over, as in the 
Henbane {ftq 287), and Mallo^v , 'when it is described as po- 
sz6f€?tt "When the calyx is adherent or supeiioi it is neces- 
sarily and foims a part of the ftuit, as in the Quince 

299), Apple, Pear, Melon, and Cucumber When it is 
peisistent and assumes a shiivelled or ^withered appearance, as 
in the species of Gampanulay it is maicescent or if it is 
persistent, and continues to grow after the flowering, so as to 


Fig 297. 


Fig 298 


Fig 299 



/’k/ 297 Plower of the Poppy, show mg a caducous calyT Fiq 298 Accres- 
cent calyx of the AYmtei Uherxy {Physa7i<^ Allekenqi) Fiq 299 Ver- 

tical section of the fruit of the Quince (_Pyr Cyclonia)^ showing the tube 
of the cal;t x adherent to the matured carpels, and forming a pait of the 
pericarp the free portion or limb being foliaoeous 


form a bladder^^ expansion round the fnnt, as in the Wintei 
Cheiiy, and other s^iecies of PhysaUs {fig, 298), it is termed 
acc7*esce7it 


b The Corolla, 

The corolla is the inner envelope of the flower. It consists 
of one oi more whorls of leafy organs, called petals In a com- 
plete flowei {fig 241, p')^ it is situated between the calyx and 
androecium, and is generally to be distinguished ffom the former, 
as we have aheady seen, by its coloured nature and more deli- 
cate structure. When there is but one whorl of floral envelopes, 
as we have also before noticed (page 132), this is to be considel^ed 
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as the caljx, and the is then termed aiyetalo%d or 

monochJamycleous The coioUa is iiRiially the most sho^y 
and conspicuous pait of the flower, m some laie cases, how- 
ever, it IS gieen like the calyx, as m ceitam Cobeeas and some 
Asclepiadaceous plants The coiolla is also, in the ma]oiity 
of flovers %\hich possess odoriferous pi operties, the seat of those 
odours 

It is geneially smooth, although hane occasionally occur, as 
m the Boinhax , when they exist they are usually coloured, as 
in the Buckbean and Iris Petals aie fiequently nairowed 
below into a stalk-like portion, which corresponds to the 


Pio 300 Fro 301 



Fig 300 The floTiv ei of a species ot Pink ( DmntJius') h Bracts, forming an 
epical v% or involucre c CaljTc p Petals, the limbs ot vhich are 

fringed at their maigins e Stamens Fig -iOl One of the petals of 

the same flo^ier o Claw or niignis Z Limb, vlnch is tnnged at the 
margins 


petiole of a leaf, as in the Wallflower and Pmk {fig» 301) ; the 
narrow portion is then termed the ungms oi claw^ o, and th^ 
expanded portion the Umh, Z, and the petal is said to be 
dilate oi clazoed In this particular, petals must be consideied 
to resemble the fohage leaves more than the sepals do, as the 
latter organs are almost without exception aesszle^ or destitute 
of claws 

The outlme of the petals, like those of the sepals and leaves 
IS subject to gieat variation Thus, they maybe linear, oblong, 
lanceolate, ellypHc, ovate, cordate, &o. The application of these 
terms havmg been already fully explained when speaking of 
learv’es, need not be further alluded to. The condition of their 
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margins also, the mode in which thev aie divided, and their 
teiminations, are also mdicated by the same terms as tljpse 
pie\"ionsly desciibed tinder similar heads in our chapter on 
Heaves Thus the petals may be dentate^ sei ; ate , cleft, partite, 
seated y aciite^ emarqinate, kac One teim is occasionally used 
in describing the conditions of the maigins which has not been 
alluded to when speaking of the leaves , thus the petals aie said 
to be fimhiiated or fyinged, as m some species of Dianthus 
{dqs 300 and 301, 1), vhen the\ present long thiead-like pio- 
cesses at then maigins 

Again, the petals may be either flat, as is usually the case, 
or concave, tiihulai ^ hoat-sliaped, &c. These teims sntticientl^ 
explam their meaning In textme the petals aie commonly 


Fig 302 


Fig 303 



Fin 302 Flo'w er of tlae Bose h Bract ct Tube of the calvx. cf^ cf, cf^ cf, 

if DiTisions of tlie c«\lyT p, p, p,p,p Petals Fiq S03 Tlae flower 

of the Sv,eet "Pea {Zm7tu? in odo7af Its) c Caly\ v VeMlliiiu a Alae oi 
winEfs C€t7 Oarma or keel 


soft and delicate, but they sometimes differ widely from 
this, and become thick and fleshy, as in the Stapehas , or dry 
and membranous, as in the Heaths, or stiff and hard, as in 
Xylopia 

In desciibing their diiection, we use the terms eject, conm- 
vent, dvuejgeni, patulojis, oi reflexed, in the same sense as 
already desciibed when speakmg of similar conditions of the 
sepals (page 145) 

The petals also, like the sepals, may be either distinct or 
more or less united into one bodv In the foimei case, the 
corolla IS said to he pohjpjeialotis or dvalypetalons ( fqs 300-303), 
m the lattei, gamopetalous (flqs 304- 321) 

1. PoLYPETAiiOUS OB DiALYPETABOUS CoBOLLA — The nuniTber 



MOPiPHOLOG-Y OF REPPODUCTIYE ORGANS 153 


of petals which entei into the composition of the coiolla is indi- 
cated, as in the case of the polT&e]ialons calyx, by the piefix of 
the Gieek niimeials Tims a corolla of two x^etals is said to be 
dijjefalo^is , of three, h ipetalou^ , of foni, icti apeialoii^ ; of e, 
ycnfaijeialons ^ of six, he eajteinlou^ ^ of se^ en, hepiajyetalous ^ 
of eight, octojyetalous , and so on 

When the i^etals aie all of the same size, and of like figuie 
oi form, and ai ranged in a symmetiical manner, the coiolla is 
teimed i egnlai ^ as in Rosaceous floweis {figs 282 and 302) , 
but when the petals vaiy in these particnlais, as m the Pea and 
allied plants {iigs 256 and 303), it is said to be %'i'iegulay 
Some vaiieties of polypetalons coiollas ha\e leceived special 


Pia. B04 


Fia 305 


Fig 306 




Fig S04 Flo\\er of Hpujelia mnivlamhcn c 
Calyx f Tutaulai coioIH 7 Ijinib ot the 
coiolla s Summit of the style and 

stieimas Fn/ 305 Flow er of the Harebell 

{Campanula i otundijohn)^ showing’ a cam> 

pmulate coiolla Fia 306 Flower ot the 

Tobacco Plant {^uot^ana Tahatum), with 
iiifauihbulifoiin corolla 



names which we will now proceed to desciibe nndei the two 
divisions of regular and vi'iegula'i 

A Hegiilm Polypetalous Goi alias — Of these we may men- 
tion three foims, viz the cyuctform ovcouciafe, the caryopliijl- 
laceotis , and the 7 osaceo^ts 

1 Criicifo7m at Cinciate, — This corolla gives the name to 
the natural order C7 ucifeo'ce , but it also occurs elsewheie. It 
consists of four petals, usually with claw's, as in the Wallflower 
and Stock , hut sometimes without i claws, as in the Celandine, 
and the whole arranged m the form of a cross 

2 Caryophyllaceous —This consists of five petals, with long 
claw^s enclosed m the tube of the calyx, and with their limbs 
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commonly placed at light angles to the claws, as in the Cam- 
pion, Smgle Pink {fiqs 300 and 301), and Carnation. 

8 Bosaceotis, — This is composed of five petals, withontror 
with very short claw s, and spreading m a regular manner, as m 
the Strawbeny {fig. 282J, and Smgle Rose {fig 302) 

B Irregular Polypeialous Coiollas — There are many ano- 
malous forms of irregular polypetalous corollas to wdiich no par- 
ticular names are applied There is one form, however, which 
IS of much impoitanee, namely, the Pap^honaceous, which 
occurs in all British Legujnznosce This derives its name 
from the fancied resemblance which it bears to a butterfly It 
IS composed of five petals (figs 803 and 464), one of which is 
superior or posterior, and commonly laigei than the others, and 
IS termed the veociUum or standard (fig* 308, v) , two mferior or 


Fig 307. 



Fig 308. 



F%<i 807 Plo'v^ei ot a species of Primula c 
Calyx, within which is seen a hypocrateri- 
form. coiolla, p t Tube of the corolla I 

Xiimb Pi (7 308 Plow ei of the Porget-me 

not (3fyosot?s palustti^) p Kotate corolla 
t Scales projecting from its throat 


anterior, which are usually moie or less united and form a some- 
what boat-shaped cavity, car, called the Ixeel or cai xna ; and 
two lateral, a, called the wvngB or alee, 

2 G-AMOPETAiiOTJS CoROLLA. — ^Wheii the petals unite so as to 
form a gamopetalous corolla, various terms aie used as m the 
case of the gamosepalous calyx to indicate the degrees of cohe- 
sion, thus the corolla may be jpartzte, cleft, toothed, or entvie, 
the terms bemg employed m the same sense as with the calyx 
(see page 145) The part also where union has taken place is in 
like manner called the tube, f, the ftee portion, the Izmb, I, and 
the orifice of the tube, the throat or faux (fig, 804) 

The gamopetalous corolla, like the gamosepalous calyx, is 
regular when its parts are of the same size, and of like figure 
or form, and united so as to form a symmetrical body (figs, 
304-309) , or if these conditions are not complied with, it is 
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iiiecjidai {figs 310-321). Some varieties of both regular and 
medial gamopetalous corollas ha^e leeeived special names, 
as follow s — 

A. Ecgulai Gamojictalous Corollas — Of these we may de- 
scribe the following — 

1 Tiihiilar, wheie the foim is nearly e^hndiical tliioxighout, 
the limb not spreading, as in 8p%qelia {fig 304), and m the 
cential florets of many Compositde as the Ov-eye {Clviy&antlie- 
7 mim), and Sundowei (HeZiantJius) {fig 292). 

2 Camjpanulate oi hell -shaped^ when the eoioUa is rounded 
at the base, and gradually enlarged upwards to the summit, so 
as to resemble a bell in form, as m the Harebell {fig 305). 

8 InfundihuUfoj m or funnel-shaped^ where the form of the 


Pig 309 Pio. 310 



Pig 311 



309 Flower of a sjjecies of Heath (^Eyna) c Oalj^x, within which is 

an urceolate corolla, t, 1 Fig 310 Bingent or gaping corolla of the 

Dead nettle ^Lamium aXbwri)^ showing the entire upper lip Fig, 311 

Back view of the flowei of a s^jecies of Teuciunn^ showing the bifid upper 
lip of the corolla 


corolla IS that of an inverted cone, lilce a funnel, as in the 
Tobacco {fig 306) 

4 lELy'pocratey%fo'k'in or salves- shaped {fig. 307), when the 
tube IS long and narrow, and the limb placed at right angles to 
it, as in the Primrose 

5 Motate or wheel-shaped, when the tube is short, and the 
hmb at right angles to it, as m the Forget-me-not {fig 308) and 
Bittersweet {Solanum Didcama') a). 

6 TJ'yceolate or uqn-sliaped, the corolla is swollen m 

the middle, and contracted at both the base and apex, as in the 
Purple Heath {fig 309), and Bilberry {Yaccvizvum MyiHllus) 

B. Irregular Gamopetalous Corollas — Of these we shall de- 
scribe the following — 

1. Lahzate, h%lah%ate, or hipped — When the parts of a 
corolla are so muted that the limb is divided into two portions 
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^liich are placed supeiiorly and mferioily, the iipi^ei poition 
overliangmg the lowei, and each poition so aiians^ed as not to 
close the oiilice of the tube thus lesembliii" in some degaeelhe 
lips and oi>en mouth of an animal ( -fiqs 310-313), the coioUa is 
teimed, lahiate, hzlahinte^ or hipped The uppei lip is composed 
of two j>^tals, which aie eithei completeL united, as in the 
'VYinte Dead-nettle < iiq 310), or more or less dnried, as in the 
Bosemai;y Kfiq. 812) and Geimandei {Teuci lum) {iiq 311) , and 
the lower hj) of thiee iietals, winch aie also eithei entne as m 
the Bosemai V ( dq 312), oi bifid as in some species of hnmiiim^ 
oi tiifid as in Galeohdoloii ( pg 313) YThen a labiate coiolla 
has its upper lip much aiched, as in the White Dead-nettle ( ii <1 
310), it is frequently teimed iznqent oi qapuiq The labiate 
coioUa gi-\es the name to the natuial oidei Labiatae, in the 


Fig 312 



Fio 313 



r^q 312 Pliiwei of the E.osemar\ {Rosmni inns) ■with uppei lip 

F\q 31 -i Fiont vie\^ of the labiate coxolla of Qalt^ohdolou^ ith tnfid lo\x ei 

lip 

plants belongmg to which it is of almost universal occurience 
It is found also in ceitaiu plants belonging to some othei 
orders 

2 Feisonate or Masled — This foim of coiolla resembles 
the labiate in being divided into two lips, but it is distinguished 
hy the lower hp being appiovimated to the upper, so as to close 
the orifice of the tube or throat The closing of the throat is 
caused by a pro-jection of the lower lip called the palate {fiq 
314) Examples occm m the Snapdiagon [dq 314), and the 
Toadflax {fiq 315) In the species of Calceola'iia the two li|)s 
become hollowed out in the form of a slipper, hence such a 
corolla, which is but a slight modification of the personate, is 
sometimes termed calceolate. 

3 Ij%qtilate or Strap-shaped — If what would otherwise be a 
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tubulai coiolla is paitl\ split open on one side, so as to become 
ticittened like a stiap abo\ e ( figs 31b and 317), it is called lu/iilate 
ui 'tjj sliajpetl This kind ot coiolla fieqnently occms in the 


¥lir 314 


Fig 31o 


Fltr 31C 





Ftf/ 317 Liif?ulate corolla of the Ov-eye i^CJu ysrtntht*- 
ynum) — — Ftif -Jlh Dipritalitoi m oi glove bh ipetl 

coiol a ot the Po'^glovc ( Dufitahs pit/ pif/m) Fv/ 

ol \i Iriegulai lotatc coiolla ot Spt e.l^^ ell I ei omtu) 


florets of the Compositse, either m the ^\hole of those constitu- 
ting the capituluna, as in the Dandelion {Tai au'cicum) , or only in 
some of them, as in the outer florets of the Ox-eye {fig 317) 
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The apex of a ligulate coiolla has frequently five teeth, indica- 
ting the number of its component petals ( fig 316) 

Besides the abo^ e-described foims of legular and ii regular 
gamopetalous corollas, others also occiu, some of which are but 
slight modifications of these, and arise fiom irregularities that 
are produced m certain jiarts m the pi ogress of their develop- 
ment. Thus m the Foxglove {Jig 318), the general appearance 
of the corolla is somewhat beU-shaped, but it is longer than 
this form, and slightly irregular, and as it has been supposed 
to resemble the finger of a glov e, it has received the name of 
d%gitaUform or glo%e-sliai^ed In the Speedwell {fig, 319), the 
corolla is nearly lotate, but the divisions aie of unequal size 
and shape, hence it may be desciibed as i7 y egulaily 'i otate , and 


Pig 320 



Fig 321 



I j 320 Flow ei of a. species 
ot Valenaii (^VaU^iana) 
c Calyx, adlieieut to tbe 
o\aiy I Limb of the 
calyx rolled tn w ai ds The 
corolla has a projection 
toivards its base, and 1*3 
hence said to be gibbous 

• -Fitj 321 Flow ei ot the 

Red alenin ( Ot ntf an- 
The coiollji is irie- 
gularly saUei -shaped and 
4-1 uired at it& base 


m the Red Valerian the corolla is %yy egiblanily salve) shaped 
{fig 321). 

AppENDAaES OF THE CoROLLA. — The coiolla, hke the calyx, 
whether polypetalous or gamopetalous, is subject to various 
irregularities, arising from the expansion or growing outwards 

one or more of the petals, 01 the tube, into processes or 
appendages of different kinds Thus m the Snapdragon 
{fig, 314, b) and Valerian {fig 320), the lower pait of the tube 
of the corolla becomes dilated on one side, so as to foim a little 
bag or sac, it is then termed saccate or g%h'boas, this term 
being used in the same sense as pieviouslj^ described (see 
page 149) when speakmg of the calyx At other times, one or 
more of the petals, or tbe tube, becomes prolonged downwards 
and forms a spur, in which case the petal or corolla is desciibed 
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BS&puned or calcatate Examples of spuned petals oi coiollas 
may be seen in the Heartsease, Columbine (Jig 3i3), Toadflax 
{Jiff 315), and Ked Valerian {Jig. 321) Only one spin may 


Fig 322 Fig 323 



Fig o22 A portion of the flo’t’iei of the Monk* hood (■icomiunOf 'with nu- 
melons btamena beloiv, and two stalked somewhat horn-shaped petals 

above Fig 328 Flower of the Colnmbme (Aguilegzer vulyctiis) with 

each of it£> petals spurred 

be present, as in the Heartsease, or each of the petals may be 
spurred, as m the Columbine {fig 323). The Yellow Toadflax, 
which usually produces only one spur, m lare mstances is found 


Fie 326. 



Fig ^21 Petal of a Ciow foot with a nectanleiouo scale at its base Fi / 

One of the petals* of Mignonette Ft(f 32b A petal ot the 

Grass ot Parnassus (^Pai nassta palu'^ti is) bearing a fiinged scale at its base 


With five Such a modification was termed by Linnaeus JPelot la^ 
a name which is now firequently applied by botanists to all 
flowers which thus pass from irregularity to regularity In 
the Monkshood {fig^ 322), the two petals which are situated 
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undei the lielinet-foimed sepals alieacly noticed {Ji(j 283) are 
each shaped somewhat like an mejfiilaiL cmved hoin placed 
on a long channelled stalk ^ 

The corolla is usuallj’ comxiosed of hut one whoil of petals, 
and it IS then teimed simj)le , but in some fioweis there are 
two oi moie whoils, in which case it is called multiple, When 
the coioUa is composed of but one whoil, its paits m a legulai 
airangement alternate with the sepals, although cases some- 
times occur m which they are opposite to them. The causes of 
these dijfeient aiiangements have alread;} been explained, under 
the head of the Symmetr;^ of the Flower 


Fig 127 


Fig 328 



Fifj 327 A petal of a species ot Ltfchni^ o Claw I Lixnb a Scal^ ap- 
pendages Fit/ 328 Flowei ot tUe Baftodil {JVtu UAi>U)> Fbeudo fiaitissu<t) 

The cup or bell-'aiiaped piocesfa towards the centre is teimed a corona 


On the inner surface of the petals of many flowers we may 
liequently observe apxiendages of different kmds in the form of 
scales oi hau-like piocesses of vaiious natuies. These aie com- 
monly situated at the junction of the claw and limb {fig 327, a) ; 
ox at the base of the petals {figs 334 and 326) Such appendages 
may be well seen m the Mignonette {fig 325), Crowfoot {fig- 
324), Lychnis (fig 327, a), and Grass of Parnassus {fig 326) 
Similar scales may be also fxecxuently noticed in gamopetaloub 
coioUas neai the throat, as m many Boragiiiaceous plants, for 
instance, the Comfrey, Borage, Forget-me-not (fig 308, r) , and 
also m the Dodder, and many other plants. Sometimes these 
scales become more or less united and form a cup-shaped 
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process, as m the i')erianth of the Daffodil ( Hg 328) and othei 
species of to this the term corona is commonl;\ 

applied The beautiful fimges on the coiolla of the Passion- 
flovrei aie of a similar nature. 

The oiigin of these scales is by no means cleaili^ ascer- 
tained , by some botanists they ha\ e been supposed to be de- 
nied fiom the petals, others to be aboitive stamens, but 
the\ aie now moie commonly legaided as ligules (see page 56) 
developed on the petals. Formerly many of these appendages 
weie deseiibed under the name of nectaries, although but few 
of them possess the powei of secreting the honej^-lrke matter 
Or nectar from whrch the\ derived their names; the;> were 
therefore imj)ioirer]y so termed 

Duration of the CoROLiiA. — The duration 
of the corolla vanes like that of the calyx, but 
it IS ahnost always more fugitive than the latter 
It IS caducous if it falls as the flower opens, 
as m the Giape-nne, commonly it is decidu- 
oiis^ or falls off soon after the opening of the 
flower In rare instances it is 
in which case it usuall} becomes dry and 
shrivelled, as m Heaths and the sx>ecies ol 
Campanula (fig 235), when it is said to be 
rnar cescerit* 

(3) THE SPOROPHlIiLS 

The two whorls of sporophylls have been 
ahead^ termed the Andrcecium and the Gynoe- 
cium or Pistil respectively 

Flowers which possess both these w hoi Is 
are called herrnajphrodite or hisexual (fig 
344) , when only one is present, they are uni- 
sexual or diclinous, as m the species of Carex 
(fig 329), and BaVix (figs 212 and 213j The flower is also then 
further described as starmnate or starninifer ous (figs 212 and 
329), when it contains only a stamen or stamens , and carjpellar y, 
pistillate, or pnsiillifer ous, when it has only a carpel or carpels 
(fig> 213). When a flower possesses neither andrcecium nor 
gynoecium, as is sometimes the case with the outer florets of the 
capitula of the Compositse, it is said to be neuter "When the 
floweis are umsexual, both stammate and pistillate flowers may 
be borne upon the same plant, as m the Hazel, Oak, Ciiekoo-pant 

VOIi I M 


Pig 329 



a species of i^tuet 
The filamenth ai e 
loiicf aiirl c ipillar\ , 
aiKl the anthers pen 
diUoTis ainl innate 
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(fig 201), and the species of Carex, in which case the plant is 
stated to be 7noncecious ; or upon different i>lants of the same 
species, as m the ’Willows (figs, 212 and 213), when the plaift is 
said to be dioecious. In some cases, as in many Palms and in 
the Pellitorj [Pai letaiia)^ staminate, ]iistillate, and heimaphio- 
dite ilowers ate situated upon the same indi\idual, and then the 
plant is called jjolygamoiis. 


Pig 330 


c. The And) cecium 

The andrcecium is the whoil oi whorls of spoiophylls which, 
xn. B, comjjlete fioioey ^ is situated betw^een the coiolla (fig 346^ 
or peiianth on the outside, and the g;vnoecium on the in&ide , 
or it IS placed between the calJ^. and g^ncecium when the 
coiolla is absent (fig 251), as in monochlamydeous ffow’’ers , 
or in achlamjdeous Howlers, it is either outside the gynoe- 
cium (fig 252) when those flowers are bisexual, or it stands 
alone (fig 258) when the flowers are unisexual and staminate 
These lea\es or sporophylls, which beai the miciosporangia, aie 
termed stmnens Each stamen consists generally of a thread- 
like poition oi stalk, called the filament (fig 
834,/) , and of a little bag or case, called 
iheanthey y which contains the iniciosiiores, 
01 iDollen It not iinff ecpiently liapx^ens that 
floweis contain steiile filaments, that is, fila- 
mentb without antheis, in which case these 
jitiuctuies are teimed staminodes These 
commonly preserve a flattened appeaiance, 
as in the flowers of the species of Canna 
A\Tien, as is laiely the case, the filament is 
absent, as in the Cuckoo-pmt (1ig 330), the 
anther is described as sessile 

Though the iniciosporangia aic usually 
home upon sporophylls (stamens), this is not without excep- 
tion In some aquatic plants, such as the Naiadaceae, and in 
some tiopical tiees, they occui upon certain portions of the axis 
When this is the case, the teim stamen is still applied to them 
Before discussing the androecium as a whole it wall be well to 
examine the peculiarities of the stamens of which it is composed. 
Each consists, as we have seen, of a filament and an cxnthei 
1. THii Filament — The filament \aiies in foim, length, 
colour, and other particulars, a few of the moie important 
modifications of which will be now alluded to. 



Fuf 330 Stcimen 
oi the OueLoo- 
pint (JL> um mU” 
t ulatum ), con- 
sisting siniplv of 
an antlier which 
IS sestaile upon 
the thalamus 
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jTo; — As its name implies, the filament is usually found 
in the foim of a little thiead-hJke oi e;vlindiical piolongatioii 
\vh 14 h geneialU tax>ers in an almost impel ceptible mannei horn 
the base to the apex, when it is desciibed as as 111 the 

Bo&e, 01 if it IS veiv slender, as m most Sedges and Gi asses, it 
IS caxnlla} y { Hgs 829 and 881) In the latter case the filament, 
iiifatead of suiiijoiting the anther m the eiect position as it 
usually does, becomes cur\ ed, and the anthei is then pendulous 
{ iiffs. 829 and 831) At other times the filament becomes 
enlarged, 01 it is flattened in various ways Thus in some cases 
it is dilated gradually fiom below upwards like a club, when it 


FiCt 331 


Ficr 832 


Pig 333 Fig. 384. 



Fitf 331 Alocu^taof Wheat (Ti tficum sativum)^ consisting^ ot seveial floweis, 
the stamens o± winch have vei\ long capillai\ filaiiiGut8,aiKlveisatile peii- 
ilnloiis anther*^ The antheis aie notched oi loiked at eich e^.t^emlt^ , and 

thii& resemble somewhat the lettei i lu toim Fitj i32 Tliiee of the 

stamens ot STn/ziftf ic then filaments flattene«l at the base and 

iimterl w ith each other Ftr/ 333 "Pistil ot a si>ei les of Cfimpnn u7n, w ith 

a solitaiv stamen whose filament is fiatteuefl Ft(r 334 Dilated toothed 

niameut ot a species o{ Allium 


IS clavate or cliih-sliajped, as m Thal^Giram ^ or it is slightly- 
enlarged at the base, and tapeis upwai’ds to a point like an awl, 
as m the Flowering Bush {J3 ictomus iimhellatus) ; m othei oases 
it is flattened at the base, the rest of the filament assuming its 
ordinary rounded form, as m Ta77iarzx galhca {fig 332), and 
species of Campmiulct {fig 838) , or the whole of the filament is 
flattened, and then it fteciuently assumes the appearance of a 
petal, when it is desciibed as jietaloid^ as in the Water-lily 
{figs* 272, and 846), and m Ganna and aUied plants 

Sometimes, again, the filament is toothed as in AWmyn 
{fig* 334), or forked as m Cramhe {fig* 335) , or furnished with 

M 2 
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\aiious appendages as in the Borage {pcf 336, a\ in which case 
lb IS said to be a;p;pendiculatc 

Itenqtli^ Colon) ^ and Duection — The length of the hlairaent 
varies much Thus, in the Boiage ( iiq 336, f) and plants 
generally of the oidei Boiaginacea* {fig 337), the filaments aie 
\eryshoit, in the Primrose iiirj 367), and commonly in the 


Fi<» S3f5 Flo 33<> Fkt 3:J7 



itUiii itb tube Fiq 33& IVIalc flow ci of Euphu) &««, con 

‘ni'-tiiig of a sohtaiy stamen, &, witliout aii> floial em elopes svin oixucliiig 
it, lieiice it i>» b«xitl to be naked oi acblam j deoiis The aiitliei is two- 
lobcid, and the <oinu*ctJ\e \oi^ ‘-mall a Aiticulatiou, indicating the 

point of union ot the tine filament und peduncle p Eiq 339 Tiaiis 

A else section o± a \oung anthei ot Seottia picta From Schleideu 
A Back of the anthei to w hich the eonucctn e is attached B, b TIk 
two lobcbot the anthei a Tasculai bundle ot the c onnecti\e </, d, d 
The four loeuli or cells of the anthei Each lohe is seen to he divided 
into two loeuli bj a septum Oi partition 

Primulaeege, a similar condition also oceuis In the Fuchsia, 
Lil;), Grasses {fig 331), and Sedges ( iig, 329), the filaments are 
usually very long 

In colour the filaments are general^ white, but at other 
times they assume -MVid tints like the corolla or perianth ; thus 
m the Spideiwoit they aie blue, m a arious species of Banun- 
cuius and of CEJnotJiera ;srellow, in some Poppies black, in 
Fuchsia red, &c 
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In direction the filaments, and consequently the stamens, 
are either ei ect, tncu) red, i eciu red, jpendulous, &c, these teims 
bemt? used in their ordinary acceptation When the tilaments 
are all turned towards one side of the flower, as in the Hoise- 
che&tnut and AmaiyUis, they aie said to be decimate Gene- 
lallv speaking, their direction is neail> the same from one end 
ot the filament to the other, but in some cases the oiiginal 
diiection is departed horn in a lemaikable manner, and the 
upper part of the filament forms an angle more or less obtuse 
with the lowei, m which case it is termed geniculate, as in 
^lalierma A similar a^ipearance sometimes arises from the 
presence of an ai ticiilation at the point where the angle is pro- 
duced, as in JE^iiphoihin (dr/ BBS, a). In such a case, oi 
whenever an ai tic illation eMsts on the apparent filament, this 
IS not to be consideied as a tiiic filament, but to consist in 
reality of a flower- stalk siippoitmg a smgle stamen. The 
flowei here, therefore, is reduced to a single stamen, all the 
paits except it bemg aboitive This is proved by the occasional 
production m some allied plants of one or more whoils of the 
floial envelopes at the point where the joint is situated In the 
Pellitory (Far%etcn la), the filament assumes a spual duection. 

Duration* — The filament usually falls off from the thalamus 
bOon aftei the flower opens, oi is deciduous , but m raie cases, 
as m the species of Campanula, the filament is persistent, 
and remains attached to the ovary in a witheied condition. 

2 The AnthiiR. — Its Putts — The different paits of which 
the anther is composed may be best seen by making a trans 
verse section as shown vcijig 339 Thus here we observe two 
parallel lohes, b, b, separated b;^ a portion, a, a called the con- 
nective, to which the filament is attached. Each lobe is divided 
into two cavities, d, d, d, d, by a septum which passes from the 
connective to the walls of the anther The cavities thus formed 
m the lobes of the anther contain the pollen-grams or micro - 
spores, and aie called ^oUen-sacs or microajitQrangia All 
anthers in an early stage of development possess foti't loculi, 
and this is considered the normal state. When a fully developed 
anther exhibits a similar stiuctuie, as in the Flowering Rush, it 
four- celled or quadrzloculat (figs 340, h, and 361, 1 ) , or when, 
as IS far more commonly the case, the partitions separating the 
two loculi of each anther-lobe become absoibed, it is two-celled 
or bzlocular (fig* 360). In raie cases the anther is umloctda? , 
or one-celled, as in the Mallow (fig 359), Milkwort (fig 341), and 
Lady’s Mantle 0?^. 342), this arises either from the abortion of one 
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lobe of the anthei, and the absoiption of the septum between the 
two cells of the lobe that is left , or the destiuetion of the jiai- 
tition \vali of the two lobes as well as of the septa betweefi the 


iFio, 340 


Fig 341 


Fig 343 



Fi(f 340 Four-celled anther ot the Flo\seiing Hxislx umhellatwi) 

(t Filament beanng an entire anther h Section of the anther with its 

tour cells Fig 341 Androecium of Milkwort with eight one- 

celled anthers dehiscing at their apex Fig 342 One of the stamens ot 

the Lady’s Mantle (^AUhennlUi) The anther is one celled, and dehisces 

transversely Fig» 341 Stamen of the Sage {Salna) f Filament 

e Connective bearing at one end a cell, 7/, containing pollen, when it 
IS said to he fertile, and at the other end a cell, Zs, without pollen, in 

which case it is sterile, Fig 344 The andrcecium and g;ynoecium of 

the Yiiie (FaZis vimfeia) a Anther t Fuirow in its face which is 
turned towards the pistil or g\ ncEOium b Suture or line ot dehiscence 

The anther is introrse Fig 345 The perianth cut open, showing the 

stamens, of the Meadow Saftron iCoJcfncum aiittimncde), with the faces 
of then anthers turned towards the floial enveloiies, and hence teimetl 
extror&e 


cells of each lobe. In some jplants, again, as in many species of 
Salvia, the connective becomes elongated into a kind of stalk 
each end of which bears an anther -lobe {fig* 343). When this 
occurs one lobe only, If, contains pollen , the other, U, is sterile 
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That suiface of the anther to \\hich the connects e is attached 
IS called the hach (fig 339, a), and the opposite sniface, B, b, is 
Xlie^face The latter always piesents a moie or less groo\ed 
appeal ance Kfig^ 339 and 344, c), indicating the point of piiie- 
tion of the two lobes Each lobe also commonly presents a moie 
oi less evident furrowr {fig* 344, h), mdicatmg the point at which 
the matin e anther will open to dischaige the pollen , this furrow 
IS termed the siituie By these furrows the face of the anthei 
ma> be generally distinguished from the back, w’hicli is com- 
monly smooth {fig 339, 4.), and has moieover the filament 
attached to it* The face is generally turned towards the gjmoe- 
cium or centre of the fiowei, as m the Water-lily {fig 346), Vine 
{fig 344), and Tuhp {fig* 347), m which case the anthei is called 

Pig 346 Pig 347 


Ficf 346 A poition of the flowei of the White Water-lily {Ximphcea alhau 
shouing the gjnoeomm imested a laige fleshy disk %vbich is pro- 
louge<l from, the thalamus Below the pistil are some stamens w Inch hat e 
petaloirl fllaments and adiiate introise antheis, two petals aie shown, 

the others ha\ mg been lemot ed Fiq 547 Gyncecium and andiceemm 

of the Tulip The stamens <>1 and te have intiorse anthers, which delii«>ce 
longitudinally 

inUorse, but in some instances, as m the Ins, and Meadow^ 
Saffiron {fig 345), the face is directed towards the petals or cii- 
cumference of the flower, wdien the anthei is said to be extroi se. 

Attachment of the Filament to the Anther — The mode in 
which the anther is attached to the filament varies in different 
plants, hut is always constant in the same species, and fre- 
quently throughout entire natural orders, and hence the cha- 
racters afrorded by such differences are important in practical 
Botany There are three modes of attachment which aie dis- 
tinguished by special names Thus 1st, the anther is said to 
be adnate or doTB%fixed when its back is attached throughout 
its whole length to the filament, or to its continuation called 
the connective, as in the Magnolia {fig* 850), and Water-hly 
i^fig 346) ; 2nd, it is vrniate or ha8%fixed when the filament is 
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only attaclied to its base, and adlieient, as in the species 

of Cay ex 329) ; and 3id, it is ve7safile, when the filament 

IS only attached by a point to about the middle of the bacV of 
the connecti\ e, so that the anthei swings upon it, as in Orasses 
generally (fig 881), and in the Lilv, Evening Primrose, and 
Meadow Safh’on 

Connect ize — The lelations of the anther to the filament, as 
well as of its lobes to each othei, aie imieh influenced by the ap- 
pearance and size of the coiinectn e Thus m all adnate anthei s 
the conneetne is laige, and the lobes geneially moie oi less 
parallel to each othei thioughout then vhole length { fig 350) 



Pitf j'lS A male n iked fldwci <>t \ speeic-s ol int* 

the two lol If «s nt the nnthei, iiid the nlmo'-t total absence of tht 

connectne Fiq A 'stamen oT the Lime ( 7’f7/ff), showin)^ 

the larare connectl^ e ---epai itiiig the lobe-s of the aiitliei F\q 

i50 All ms^Kle new of a stamen of Mnqnolta qlcuaa, 'Showing the 

idmte anther and inolongefl connective Fv/ 851 Two sta 

mens of the Heartsease ( VwTu Uitolo} ) The connective ot one 

ot them prolonged downwaids in the form ot a spin Fuj 

J52 Sagittate Hither lobes ot the Oleandei {Fetium Oleandei ), 
and the prolonged teathei v connecti\ e 


Fig 352 



In othei cases the connecti%e is veiy small, or altogethei want- 
ing, as m species of JStiplioi hta (fig 848), so that the lobes of 
the anther are then immediately in contact at their base In 
the Lime the connective completely separates the two lobes of 
the anther {fig. 849). In the Sage 843) and other species 
of Salvia, the connective forms a long stalk-hke body placed 
horizontally on the top of the filament; one end of it beais 
an anther lobe, Z f, containmg pollen, the other merely a peta- 
loid plate Ol abortive anthei lobe, Is, it is then said to be dts- 
tractzle Sometimes the comiective is prolonged beyond the 
lobes of the anther, either as a little lounded oi tapering es.- 
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pansion, as in the Magnolia K^jig SoO), oi as a long featheiy pio- 
cess, as in the Oleander (fie/ 3o2), or in \aiions otbei ^\ays 
Atwthei times, again, it is prolonged doTvmvaids and baek\^ards 
as a kind ot spin, as in the Heaitsease (fig 351) Antheis 'VMth 
such appendages aie teimed apj^endiculaie 

Foi ttis of the Anther Lobes and of the Anthei — The lobes 
of the anther assume a variety of foims Thus m Mercimali% 
annua (flg> 354), they aie somevhat lounded^ yeiy firequentlj* 
they are moie oi less ovnl^ as m the Almond and Lime 
(fig 349), m Acalifjphci thej^ aie lineai (fig 353), m the 
Goind tube (fig 355) lineay and sinuous:, m Solanum {fig 
363) foul -sided, and at othei times pointed, oi prolonged 
m ^ arious ways These and othei forms which they assume. 


Fig 353 Fig 354 Fig 355 



ruf 55 J A. -atiimeii ot spec le*? of Aerdirpyta iii a \ onng state f Filament 

7 Liiieai antliei lobes 154 A stinien ot J/eictnirdis antma 

T Filament t Oonnoftne 1,1 Tloniidejl antliei lobes dehiseing longini 

dinilU Fuf 555 The Imeai .ind '.inuous antlici lobo'^, /, attached to 

the filament, /, ot the common Ih \ oii\ ( lit ttonm ti.ntcrr ) The above fiafin es 
iietiom Jussieii 

combmed %Mth those of the conneeti\e, deteimme that of the 
anther, which maybe oval, oblong, &e , oi h%fmcate oi foihed 
as m Vaccimum uligznosum (fig 357), oi guad/iifiueate ( fig 
358) as in Qaultheria jgs oeiimbens, oi sagittate (fig 352) as in 
the Oleander, oi cordate-sag%ttate as m the common Wall- 
flowei In the Glasses the anthei s are forked at each ex- 
tremity (fig* 331), so as to lesemble somewhat the letter sc in 
form. 

The lobes of the anther also, like the connective, frequently 
present .appendages of various kinds Thus xnLLiea cineiea 
they have a flattened leafy body at their base ( fig 356, a) , at 
Dther times the surface of the anther presents piojections m the 
form of pointed bodies (fig 857, a), as in Yaecinvum uliginosum, 
or warts, &c. Such anthers, like those which piesent appendages 
6rom the connective, are termed a/p)}endiculate 
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Colour of the Antliei — The anther when young is of a 
greenish hue, but w^hen fully matiued it is generally ;^ellow% 
There are, however, many e:&.ceptions to this thus it is dark 
purple or black m many Poppies, orange m Esclischoli^ia^ 
purple in the Tulip, led in the Peach, <S:c. 

Dehiscence of the Antliei — ^When the antheis are peifeetly 
iqie their pollen-sacs split open and discharge their contained 
pollen (fq 8o9) , this act is called the dehiscence of the 
anthei. Dehiscence commonly takes place in the line of the 
sutures ( fq 344, &), and at the xieiiod when the fiowei is fully 
exxmnded , at otliei tunes, how ever, the anthers bm'st before 
the dow’ei opens. All the antheis mav oxien at the same period, 


Fig BoO Fig 857 Fig 358 



Fuf *150 Ai»i)eii(liciilate nnthci attached tf) filainent, nt tlic Pine leaved 
Heath (Ama (t Api>endacre 7 Lobes ) Lateial shoit; &ht 

here delu'^oenee take^, place Firf 357 Bifmcate anthei ot JlctLCimum 

uliqmnsum attache<l to filament, t 7 Anther lobes a Appendages 

p Points of the anther lobes where delnscence tak^ place Fiq 368 

Qimdnfiircate anthei of Gai/7t7tena piocumhms^ attached to filainent, 7 
7 Vnthci lobes Tlie above figures are from Jnssien 

or m succession, and in the lattei case the dehiscence may 
either commence with the outer stamens, as is usually the case, 
or rarely with the mner 

The dehiscence of the anther may take place in four different 
ways, which are resxiectn ely called 1 Lonq'iiudinal^ 2 Trans- 
vetse; 3. Poious, 4 Valvtila't, 

1 Lonqtiudi7ial or Sutural. — This, the usual mode of 
dehiscence, consists in the openmg of each anther-lobe from the 
base to the apex in a longitudinal direction along the line of 
suture, as in the Vine {fig 344, c) and Tulip {fig 347). 

2. T? ansverse — This kind of dehiscence mostly occurs in 
umloculai anthers, as m those of AlcJiemtlla {fig. 342), Lenina, 
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and Lavandula It eonsis^ts in the splitting? o]ien of the anther 
tians\eisely or in a hoiizontal diiection, that is, from the con- 
ne^ti\e to the side It sometimes happens that by the enlaige- 
ment of the connective the loculus of a one-celled anther is 
placed hoiizontally instead of vertically, in which ease the 
dehiscence w hen it takes xilace in the line of the suture w ould he 
appaiently transverse, although leallv' longitudinal An example 
of this kind of dehiscence is aftorded by the IMallow 359), 
and othei plants belonging to the natural order Malvaceae Xn 
piaetical Botany such antheis, like the foimei, aie said to dehisce 
tiansveiselj^ 

Po7 02 i 8 07 A 2 p^cal — This is a mere modification of longi- 



Ftr/ 369 Stamen of the Mallow the antliei of Inch hnsi an appn- 

t entlv" tinnsvei se flehiscence Fi(/ ?60 Tw o celled antlici of Ptff €?(C 

7 0itmdtfo7ui suspended tiom the filament, J 7 Locnli, each opening b 7 

a poie, p Fig 361 Qimdnlof nlar anthei of Po) nnf/ie) a, attached to 

tilameut,/ 7 Loculi, each opening bj a i)Oie, p Fig ^62 Anthei nl: 

Tef) atheca poiteg^ opening by a single poi e at the apex Tlieso figuics ai o 

trom Jtissien Fxg 303 Anthei lobe*; ot a species ot Palnnirm^ eneh 

opening b’s a pore at the apex 


tudinal dehiscence. It is formed by the sphtting down of the 
anther lobes being airested at an early peiiod so as only to pro- 
duce pores oi short slits. In such anthers there is commonly 
no trace of the sutures to be seen externally. The pores oi slits 
may be eithei situated at the apex, as m the species of Solannon 
{fig 363) and Milkwort {fig 341), or laterally, as in the Heaths 
{fig^ 356, t) These may be eithei two pores, as is usually the 
case {fig* 360, 25 ), or four as in Poranthera {fig 361, ^ 7 ), or 
many as m the Mistletoe, 01 only one as in Tetrailieca jiincea 
{fiq, 862). 

4 Yalvala/r . — This term is applied when the whole or portions 
of the face of the anther open like trap-doors, winch are attached 
at the top and turn hack as if on a hinge In the Barberiy 
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S64) theie ai^e tvvo such. \alve& , in plants belonging to the 
Lain el family {ftg 365) theie aie two or four, according as the 
antheis have two or foui locuh. o 

^Ye may now consider the androecium as a whole fiom the 
point of view of the lelations of the stamens to eaeli othei, and 
to the other %\ horls of the floT\ er, noting the follo^\ mg points — 
1. Nmnber , 2 Inseition oi Position , 3. Union or Cohesion , 
4 Belative Length. 

1. Numhei . — The miinber of the stamens is subject to great 
variation, and several teims aie m common use to indicate such 
modifications In the fii&t place, eeitain names are applied to 
define the numhei of the stamens when compaied in this re- 
spect w itli the eoinjionent iiarts of the floral envelopes Thus 

Fig 364 


I'uf >64 Anthet of Baibeti\ 

opening h\ t\\o vahe-^ 

/'it/ J65 Stamen ot a siiecies <if 

f atu us t Fnaineat, \Mth tA\o 
glands, //, V, at its base /, I Loeiilr, 
ot Incli there ai e foni r Yalve^ 

when the stamens aie equal m ntunbei to the sepals and petals, 
the fiowei is said to be isoBiemonous, as in the Primrose , and if 
they aie unequal, as ni the Valerians {figs 320 and 321;, the 
flower IS anisostemonous Oi, when greater accuracy is required 
m the latter case, w^e say dijplosiemojious, if the stamens aie 
double the number, as in the Stonecrop , meiostemoyio/is, if fewei 
in number, as in the Lilac , and 2 ;>oly 8 t€moyxovs, if more than 
double, as m the Rose 

Secondly, the flower receives difleient names according to 
the actual number of fiee stamens it contains, without leferenee 
to the iiumbei of paits in the outei whorls This number is 
indicated by the Greek numerals prefixed to the teimination 
^ayid) ous , thus, a flowei having one stamen is monandro 7 is, two 
diandi ous^ three triandi oi/s^ four iet) andi o%l8^ and so on 



Fig 365 


V 
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2 Insertion ot Po&ttion o? Adhesion — Yheii the btainens 
aie free ftom the cal\v and pistil, and aiise fiom the thalamus 
be]»w the lattei oigan, as in theBaibeiry {Jig 898) and Cio^\ foot 
{Jig 366), they aie said to be liyjjogynoics^ which signifies imdei 
the female or x'lstil , this is the noimal position of the stamens 
Ylien the stamens aie attached to the coiolla, as in the Piimiose 
{Jig. 367), they aie eiJijyetalous AYhen the stamens ajiparently 
adheie to the cal;>x moie oi less, so that then position becomes 
somewhat lateial to the pistil instead of below it, as in the Chen y 
(Jig. 868), they as well as the coioUa aie said to '\}B j)erigynoiih. 
YTaen the calyx is adheient to the o^aly so that it aiipeais to 
rise horn its apex, the intermediate stamens and petals oi coiolla 


Pifx 366 lio 3(>7 Pitx 368 



Fiq 3fa6 AiJocaipoiw pistil <»f the Ciowfoot { liunum ulus), %\itl tiio stamens 

aiismg tioin the thcilamub beloAi It, oi liNpogMioiis 1 hi 307 Teitical 

section o± a flow u ot the Piimrosc ( P/ tmuia >, show ms? cpipttalous stamens 
The instil in the contic lias au ar^ with a ti ee cential phiccnta, one st\ lo, 

aiirl a capitate Jstifftna Fhf 308 Twtical sottioii ot the tiowci Oi the 

CIieiT\, sliowing the pensrjnoxis seamens suiioundmg the pistil 

are also neces&anly placed on the summit, and aie said to be 
ejpigynoiib, as in the species of Camjpanala (Jig 869), and Iv^ 
It sometimes haiipens that the stamens not only adhere to the 
ovary or low er part of the pistil, as in the epigynous form of 
insertion, but the nxipei part of the stamen or stamens and 
pistil become com^iletely united also, and thus foim a column 
in the centre of the fliow^ei, as in the Oiehis (Jig 370), and 
Birthwort (fig. 371) ; tins column is then teimed the gyno- 
steimiim, and the flowreis aie said to be gynand) oiis 

3 Union or Co^^es^on — When the stamens are iierfectly free 
and separate from each other, as in the Vine (fig. 344), they 
are said to be free or disi%nct , when united, as in the Mallow 
(fig. 373), they are coheient oi connate. 
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"When the stamens cohete, the union may take place eithei 
l>y then' anthers, oi hy their filaments, oi by both antheis and 


Fig 3b9 Fig ^70. Fig 871. 



*Jti9 Vertical -acction of the flowei of a bpeciea of (Jamp€mu'l€t^ \Mtli epi- 

g\uoub stamenss Ficj 37U Flower of mascitla The column in 

the eeiitie is toimed b\ the union ol the stamen^ and fatvle Fiff 

The pistil and stamenai oi: Bn thwoit (JL? Thoo\aiy is seen 

heloM, and the stamens aho^ o united into «i column w ith the bt\lo 

filaments. When the anthers unite, the stamens aie termed 
s 1/7 i{/enesi OIOS or bynaiitliej ou8 \^pq 872) This union occurs 
m all the Composit<e, the Lobelia, and m some other plants. 


Fig 872 Fic* 878 Fig, 874. 



372 S\ ngencbioua autheio ot a species ot Thistle ( Ceu thins) Fuf 373 

IMonadelplioiis stamens of a species of MalloAv ( J/crZcrt) 374 Mona- 

delphous «5tcimen«! ot Wood Soiiel forming a tube louud the pishl 

Fit/ B76 M.ile how ei ol Jahopha Citjuts t Caly^ P Corolla e Sta- 
mens nmteci by then tUameiits into a tube, w hich occupies the centic 
of the flowei, as theie is no pi&til 


When the antheis thus unite the filaments are commonly, 
though not alva>b, dibtmct When union occuib between the 
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stamens, hot\ever, it is moie common to see the filaments 
united, and the anthers fcee This union by the filaments ma^ 
takg place in one or moie bundles, the numbei being indicated 
by a Gieek numeral piefixed to the teimination -adeljjJious^ 
y Inch signifies h) otJie) hood Thus, when all the filaments unite 
together and toriii one bimdle, as m the Mallow {fig 878), and 
Wood Soiiel {iig 874), the stamens are said to be monadel- 
2 jhou 8 * When such a union takes place in a complete flower, 
the coheient filaments nece&saiil;v foim a tube oi iing lound 
the pistil placed in their centre, as in the Wood Soirel {fig 874) , 
when the instil is absent, and the flower theietoie mcomplete, 
the united filaments foim a moie oi less eential column, as in 
Jat^oplia Cufoaa {fig 875, a). When the filaments unite so as 


Fig S77 



Fitj 376 Diadelphous «stamen=; of ilie Sweet Pea {Lathurns odoiatus’), sui- 
louiiding the simple pistil Tlicie aie ten stamens, lu ne of which are muted 

and one free Fi(/ 377 Flowei of the Oianjje divested of its coiolla, 

to show the polyadelidious stameu^s 


to foim two bundles, the stamens aie teimed diadelphous, as in 
the Pea {fig, 876), Milkwort ( fig 841), and Fumitor;\ , in which 
case the number of filaments in each bundle may be equal as in 
the Milkwoit {fig 341) and Fumitoijs , or unequal as m the 
Sweet Pea {fig, 876), where theie aie ten stamens, the filaments 
of nine of them being united to foim one bundle, while the 
other filament remains free. ^Vhen the stamens are imited b's 
their filaments into thiee bundles, they are triadeljfiioiis, as in 
most species of Bt John’s Wort {fig 878), and when in moie 
than three, jpolgadelxflious, as in the Orange {fig, 877) The 
term polyadelphous is applied by many botanists, in all cases, 
where there aie moie than two bundles of stamens , it was used 
in this latter sense by Lmnaius. 

The union of the filaments in the above cases may either 
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take place moie oi’ less completely, and thus foim a tube of 
varjun#? heights, as in the Mallow 873) and Wood Sorrel 

ifig* ^74) , or the union may onlv take place at the base, en in 
the Taynarix qallica \ firj 332) The bundle or bundles, again, 
mav be either unbianehed, as in the Mallow {fig* 373) , oi 
branched, as in the Milkwoit [fig 341) and Castoi-oil Plant 
{fig 379) When the union takes place so as to form a tube or 
column, the teim anch oplioi e has been applied to such a column, 
as in the Mallow {/zc/ 373) and Wood Soirel ( ftg 374) 

4 JRelafice Length — Theie aie two sepaiate subjects to be 
tieatecl of heie, namely, 1st, the lelatne length of the stamens 
^vlth respect to the coiolla, and 2nd, their length with lespect 



Tit/ 378 The- iJi'stil, ol Tliipencnm auuptiat urn bui louiideil bj the btcUiieiis, 

f*, are iimtetl b\ tlieii fUameiitb, f, into thiee buntUes I’ltf 

/»79 One oi tlie bianclied bundles ot stamens ot xUe Castor oil Plant {_Rt- 

L utts commmns) f ‘Umteal -filaments Fitj 580 Flonei ot a s].>ecies 

ot Yalenaii ( itnm), showing the btaineiis piolonged beyond the tube 
of the coiolla, CY-ssuted The corolla is yibbous a-t the base 

to each other In the first place, when the stamens aie shelter 
than the tube of the coiolla so as to be enclosed within it, as m 
the Forget-me not {fig 337), they are said to be zncluded , and 
when the stamens are longer than the tube of the corolla so as 
to extend beyond it, as m the Valerians {figs 321 and 380), 
they aie exaeyted ox tiding 

Secondl.’s, the ielati\e length of the stamens with lespect to 
each othei presents se\eial peculiarities, some of which are im- 
portant in Descripti-v e Botany Thus, sometimes all the stamens 
of the flow er ate neailv of the same length , while at other times 
they are ery unequal This mequahty may be altogether irregular 
again, following no definite rule, oi take place in a definite and 
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legular manner; thus, when the flowers aie polj stemonons, 
the stamens neaiest the centie may be longer than those at 
the "'cncximfeience, as in Lulteu imniculata {fig 381) , or the 
ie\erfee ma^ be the case, as in man;s of the Rosacese In 
the case of diplostemonous fioweis, as %\ith the Willow Heib 
iJEjnlohuim), the stamens alternating with the petals are 
almost always longei than those oi>posite to them When the 
stamens aie of unequal length in chtfeient floweis of the same 
species, as m the Piimiose, they aie said to be dimo'ipliic^ 
and will be afteiwaids alluded to in speaking of fertilisa- 
tion. 

When there is a definite relation existing between the long 


Fict 381 


Fict aS2 


Fig 383 



Fit} J81 One ot the bundles ot stamens ot Lnhea pmmnleita ^ the lunoi 
stamens on the rls^Ut ai e longci than the otheis, iiul aie provided ^\^th 

.intheis. the shortei stamens aie general! v sterile Fiq 382 Tetia- 

dMiamons srameiis ot the AVallfiow ei {Cht>n anthns CJieu t) Fitj 18! 

l)id\ nanioiis stamens n1 the Fo^ghn « ( l>iff fall', pm pm eti') 


and short stamens with respect to uumbei, ceitain names are 
applied to indicate such foims of regularity Thus in the 
Wallflower ( fig. 382), and Ciueifeious plants generally, there 
are six stamens to the flowei, of which four are long and 
ai ranged in pairs opposite to each othei, and alternating with 
two solitary shorter ones , to such an arxangement we apiily 
the term ietradipiamon^ When there are but four stamens, 
of w'hich two are long and two short, as in Liabiate plants 
generally {Jigs, 311 and 313), and in the Foxglove {fig 383), 
and most other Scrophulariaceous plants, they aie said to be 
didynamou<i 

3 The PoiiLEN — The consists of mieioseopic cells, 

von I. N 
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winch correspond to the m%oiospoies of the highei Cryptogams 
They possess two coats, known as the ertine and the ^'nt^ne In 
lare eases the outer coat appears to consist of two, oi even three, 
layers, while in Zosteta, Zanmchellia, and some othei sub- 
mersed aquatic plants, there is but one membrane, which is of 
a similar nature to the intine 


Fig 384 Fig 385 Fig 386 Fig 387* 



FiCf ?84 Pollen of Hollyliock ( ‘ilthcea 9 osea \ F itf 386 Elliptical pollen 

of ililkw ort (^Polyqala) Extine / Slits Ftg 386 The same pollen 

■viewed fiom above Ftg ZS7 ToVLqxi ceWot Duetuh^ glomt tata Aftei 

Jussieu 


The mime is the innermost layer, and appears to be of the 
same natme and appeal ance in all pollen-grams It is usually 
smooth, very delicate, and transparent, and is comi)osed of pure 
cellulose. 

The extxne is a haid thick resisting layer, and is liable 


Fig 388 Fig 389 Fig 390 



Ftq 388 Pollen of the Pdssiou-flo\ver befoie bui sting o, o, o 

Lid like proces«.es Fiq 389 Pollen of the Gouid, at tlie period ot 

bursting o, o Lid like proce-^se'-. of the ex tine protruded by tlie pio^ec- 

tions, t ot the lutiiie Pi om Jussieu Fig 300 Trigonal pollen of the 

Evening 3*rimios>e ( iFnatlu i a hn*nui<) 


to great variation ; thus it is sometimes smooth, at others 
marked with little granular processes, or spiny protuberances 
{fig. 384), or reticulations {fig 388) The nature of these 
markings is always the same for the pollen of any particular 
species or vaiiety of plant, but vanes much in that of different 
plants The evtine is often covered by a viscid or oily secretion. 
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The coloiir of pollen-^ains also lesides m the extine In by far 
the maioiity of cases the pollen-grams axe yellow, but ^allous 
otlfti colouis axe also occasionall 3 ’ found, thus they axe led 
in species of Veihasciim, blue m some species of Epilohiiini, 
black 111 the Tulip, rarely gieen, and occasionally' of a whitish 
tint 

Besides the \aiious markings ]ust described as evisting on the 
extme, we find also either jioics {fig 387), ox slits (iigs 385, y, 
and 386, /), or both poxes and slits, which vary in numbei 
and arrangement m different plants In the greater number of 
Monocotyledons there is but one sht, while three is a common 
numbei in Dicotyledons Sometimes there axe six, laxely four, 
still more rarely two, and m some cases we find twelve or more 
shts These slits axe generally^ stiaight {fig 385, /), but m 
M%mulus moscliaius they are cui'ved, and other still more 
complex arrangements occasionally occur 

The pores, like the slits, also ^ ai*y as to then number Thus 
we commonly find one in Monocotyledons, as in the Grasses; 
and three in Dicotyledons Sometimes, again, the jpoies are 
very numerous, m which ease they are either niegulaxly dis- 
tributed, or arranged m a more or le%s 
regular manner The pores also may 
be either simple, or pi’ovided with little 
lid-like processes, as in the Passion- 
flower {fig 388, 0 , 0 , o), and Gourd (;? <7 
389) These processes {fig 389, o o) 
are pushed off by corresponding pro- 
jections of the intine, t, t, when the 
pollen germinates , hence such pollen- 
grams have been termed ojyejciilate 
In the pollen- grains of the Spruce 
Fir, the extine is expanded on two 
sides to form two curious bladder-hke 
protuberances {fig 391) 

The pollen-grains are usually ee in 
the loculi of the anther Sometimes, 
though rarely, they adhere to a greater 
or less extent to each other Thus we 
have groups of four m 'Ber^filoccb g*i ceca^ eight in Inga anomala , 
or some higher multiple of four, as in many species of Acacia 
In the Onagracese, the pollen-grams are loosely connected by long 
viscid filaments or threads, while m the Orchidacese the pollen - 


PiiT 391 



/'",</ 391 Pollen of Spruce 
Fir (Pima excel sn\ con- 
sisting: of a central cell 
and two lateral ve^^icular 
protrusions ot the extme, 
e 4 Intme 
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giains of each, pollen-sac cohere together and form pollen-masses, 
to which the name of pollima has been gi^ en ( -fig 392, p) In the 
Aselepiadacese somewhat similar masses occur {-fig 393, _2?,^and 
S) , but m the latter, the whole stnface of each pollen-mass is 
invested by a special covering a carefal examination of 

these pollima we find that the^’ aie formed of compound masses 
agglutinated togethei, and when separated, each of these masses 
IS found to consist of foiii pollen-giams In the pollima of the 
Orchidaceae we also find other peculiarities , thus each is pro- 
longed downwards in the foim of a stalk called the caudAcle 
( iig. 392, c), which adheres commonly at the peiiod of dehiscence 
to one or two httle glandular masses called reHnacula ( -figs 394, 


Fig 892 Fig 398 Fig 394 



Fiff 303 PoUinia, ot a «^pecies of Oicliis tlieir caadicles <, atllieiuift 

to the letinaoulft, 7, / Fif/ 393 Pistil ot a species ot -vMtlj 

the pollima, ja, adhering to the stigma, ? & Pollen-mas&es separated 

-Ftff 394 Uppei part of theflo\\erot an Orchis showing thepolhnia 

adheimg to The column by the letiuaoula, er 


a, and 392,?, ?), which aie placed on the upper surface of a 
little projection of the stigma or style, called the 9osMkc??z, 
which IS situated at the base of the anther 

Pollen- giains aie found of various shapes The most 
common foims appear to be the spherical (/?g 384), and oval 
(/ig 385) , in other eases they are polyhedial, as in Ohioor,^ 
(0^c7l09^^^?n Intyhus) and Sonchus palustzis, or triangular with 
the angles rounded and enlaiged (trigonal), as in the Evening 
Primrose {CEnotlieza hiennis) and plants commonly of the 
order Onagracese {fig 390), or cubical as in Basella alha^ or 
eylmdrieal as in Tz adesoantia virgzmca^ while m Zostera they 
are threadlike oi of the form of a lengthened tube or cylinder , 
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and other foims also occin It should also be noticed that the 

form ol the pollen is mateiially influenced according as it is di v 

or Itoioist Thus the pollen-grains of the Purple Loosestrife 

{Lyth}U7n SaUcayza) and some species 

of Passion-flower aie oval when dry, but Fio 39d 

when placed in watei they s'well and Fig 397. 

become nearly globulai. Again, wlien ^ ^^<7 

spherical pollen-giains aie exposed to the 

an for some time they fiequently assume i i 

a more or less o^al form In size, pollen- i \ 

grains vaiy from about to ot ‘[ 

inchin diametei ; then size, however, like I 

their form, is hable to vaiy according as # i i 

they are examined in a dry state oi in 

water 

d. The Gynoeciitm oy Pzsiil Eig 396 

The g;>noecium, oi pistil, occupies tlie ^i*^***!^ tv ! 

centre of the flower, the androecium and v v I 

floral envelopes being aiianged around it " | ® / 1\ 

when they are present , the floral envelopes A ( , \ 

alone m the ordmary pistillate flower , or it ^ 

stands alone when the flow er is pistiRate m 
and naked The gynoeciiim consists of W \ * f ^ 

one or more modifled leaves called ^ Ljf 

ca) 2 yels, which aie oithei distmct fioiii \ 

each other, as in the Crowfoot {Jic/ 360) , 

or combined into one body, as m the rose {i*/ imuiK maga) >, 
Pnmiose {fiq 367) and Tobacco (A«/ 

397) When there is but one carpel as iience teimeci com 

in the Pea {jig 406), Broom {fig 396), tuS'o 

and Leguminous plants geneiaily, the capitate 

pistil IS said to be , when there is bhq 396 Sim^e pistiJ 

more than one, whether distmct fiom stigma^— ^ 

each other, as m the Crowfoot {jig 366), ^ fui 397 Oompouufi 

or oombmed into one body, as in the TobaoTO°(‘!vi<,<.?«wn Tn- 

Tobacco ( 5 ^^ 397), and Pimirose B67), hmuni) - t Thalamus, 

it IS described as coiyijpoitnd Capitate stigma 

Before pioceedmg to examine the gy- 
nceoium or pistil generally, it is necessaiy to describe the 
carpel, of one or more of which organs it is composed 

The Oarpei/ — E ach carpel consists, let, of a hollow infe- 
iior part resting on the thalamus, called the ovary {jig* 


rut ^95 Pi-btil of Ptun 
rose (Pi imula vuitja) i*. >, 
composed of sevei al 
united carpels, ami 
lienee teimect com 
pound anil sjnearpou*- 
TUoie IS but 'one bt>le, 
\\ Inch lb surmounted b> 

a capitate t stigma 

Fur 396 Simple pistil 
ot Bloom o Ovary s 

Style i Stigma 

Fit/ 397 Com pound 
“ syiicaipous pistil of 
Tobacco (^yitotiLtna Ta- 
hactem) ^ t Thalamub 
o Ovary ? Stj le */ 
Capitate stigma 
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398, o), containing in its inteiioi one oi more little somewhat 
roimdish or oval bodies called ovules^ ov, which are attached 
to a projection on the walls termed the placenta, 2nd, Of a 
st%gma, either placed directly on the ovary, in which case it is 
said to be Be8S%le^ as m the Baibeiry {fig 398, &t) ^ or elevated 
on a stalk prolonged from the ovary, called the style, as m 
the Broom 396, s). The teims ovary, style, and stigma 
are applied m precisely the same sense when speaking of a 
compound pistil in which the paits are completely united {figs 
367, 395, 397 ), as in the case of a simple caipel The inono- 
carpellaij" ovaiy has two sutuies, one of which coriesponds to 
the umon of the margins of the lamina of the carpellary leaf, 
and which is turned towards the axis of the plant, and another, 


Fig 398 Fig 399 



jF'itf 398 Veitioal bection of the ovaiy ot the Baiberi\ (Bet ht** is vul^ai is}^ 
ou the outside of which aie •^een a stamen dehi&cinpr by t\vo ^alves, and a 
petal o Ovai\ ov Ovules att<iched to a projection caUed the placenta, 

p St Sessile stigma Fit; ^99 Yeitical section ot the flowei of the 

P®eony (^Fceonia) <h Dorsal suture of the ovaiy ts Veutial 
suture 


which corresponds to the midrib of the lamina, is directed 
towards the floral envelopes or to the circumference of the 
flower; the former is called the ventral satute {fig 399, -ys), the 
latter the dorsal, ds» 

The Pistil — Having now described the parts, nature, and 
structure of the carpel, we are in a position to examine m a 
comprehensive manner the gynoecium or pistil generally, which 
is made up of one or more of such carpels 

"When the gynoecium is formed of but one carpel, as in the 
Broom {fig 396) and Pea {fig 406), it is, as we have already 
seen, called smxjple, and the terms gynoecium or pistil and 
carpel are then synonymous , when there is more than one 
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caipel, the pistil oi gyiicecium is teimed compound (Jigs. 39o 
and 410) In a compound pistil, again, the carpels may be 
eitli<»i sepal ate from each othei, as in the Stonecrop {fig 279) 
and Pheasant’s-eye {fig 410) , or nmted mto one body, as in 
the Piimrose (fzg 395), Carnation {fig, 405), and Tobacco {fig- 
397) in the foimer case the pistil is said to be apoca? pous, m 
the latter sgncaipous. The number of carpels of which the 
pistil is composed is mdicated by a Greek numeral prefij^ed 
to the termination •qynoiL8\ and the flowei iecei\es corie- 


Fio 400 Fict 401 Fi(» 402 


Flu 401 


Fia 404 




Fir/ 4UU A portion of the pistil of Duphw Lameoln o Summit of the 

o\aiy i Style teiminated. by a stigma, s F*tt/ 401 A portion of the 

pistil of Plantago ^atattlis o Summit cf the ovaiy f Style 9, s Bi- 

lateial stigma The above figures aie from Jussieu Ptrj 402 Pi&tilot 

the Penw inlde ( Vtnca^ o Ovary t Style ? Haiiy stigma d Dish: 
Fig 403 "Ventral view of the pistil of Isopyi um biCei natum, showing the 

(louble btigma F%r/ 404 Pistil of wheat {Tt iticwn sattvuni') surrounded 

by three stamens and three squamulm, sp Two featheiy styles or stigmas 
anse from the top of the ovary 


Spending names accoidmgly Thus, a flower with one carpel 
IS m07ioggnous, with two dtggnous, with three trtggnous, and 
so on 

1 Apocarpous Pvstil — An apocarpous pistil may consist of 
one or more carpels, and they are variously arranged accoid- 
mgly. Thus, when there are but two, they are always placed 
opposite to each other , when there are more than two, and the 
number comoides with the sepals or petals, they are opposite or 
alternate with them , it is rare, howevei, to And the carpels cor- 
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lesponcling m iiiimbei to the sepals oi petals, they aie geiieially 
fewer, or more numeroiis The caipels may be either ai ranged 
in one whorl, as in the Stoneeiop {fig 279) , or in several whorls 
alternating with each otliei, or they may form a more or less spn’al 
arrangement upon the thalamus When an apocarpous pistil 
is thus found with seveial rows of caipels, the thalamus, instead 
of bemg a nearly" flattened top, as is usually the case w"hen the 
number of caipels is small, hequently assumes other foims , 
thus, m the Magnolia and Tulip-tiee, it becomes cylindrical 
{^iig 407), in the Kaspberry (jig* 409, Z) and Hayiunculus {Jig. 
366), conical, in the Stiai\beiiy 408), heinispheiical , while 
in the Bose {fig 280, y it becomes hollowed out like a cup, 
or urn, and has the carjiels arranged upon its innei surface 

Fkt 406 


rifjf 405 VihtiloiDiaiitJtiibCtu ifop?ivilus 
on a stalk, r/, c.illed tlio gynoplioie, 
bolow which is5 the peduncle On the 
top {ji the o\ai 5 .ue two &t\les, the 
f ice of each ot which ih tiaveised In 

a continuous* bti«?matic siulace 

Ihtf 106 Vistil ot atus 

o Ovari c Pcisistent cal\ \ On 
the toj) ot the ov*n\ is the stvlc 
<ind ^fuf 


These \ ary mg conditions of the thalamus necebsaiily lead to 
coiresjionding alterations m the mutual i elation of the different 
whorls of carpels which compose an apooaipous pistil, and 
modify veiy mateiially the appeal ance of different flowers 

2 Byncar;pou$ PzsM — We ba’ve already seen, m speaking 
of the floral envelopes and androecium, that the different parts 
of which these w^horls are respectively composed may be distinct 
from each other, or more or less united From the position of 
the carpels with lespect to one another, and ftom their nature, 
the latter are more frequently imited than any other parts of the 
flower. This union may take place either partially, or entirely, 
and it may commence at the summit, or at the base of the 
eai’pels Thus m the former case, as in Xayitlioxglun ft axvneum 



Fig 40c> 
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{.fig 411), the eaipels are united by then stigmat. only , in Dic- 
tamnub Ftaxinella {fig 427) the uppei paite of then stjdes aie 
united, while in the Labiatce (fig 412, s'), and most Boiaginace^e 


FK' 107 Fk. 40s Fkt 400 



Fiff 407 Central of tlio flow ei of the Tulip-tiee ( Lit todenth on tuhptfei ay 
The thalamns, «, is inoie o’* less cylindiical t, t Carpels t-, e Stamens 
Fkj 408 Section of the flowci of tlie Stiawbcny The tlialainiih is 
nearly hemispherical, and beais a number of sepiiate caipels on its upper 

portion Fia 409 Section of the iii)e pi^stil ol tlic Rasiibcrry, showing 

the conical thalamus, 7 

{fig 413, d)i the whole of the styles are imited In all the above 
cases the ovaiies aie distinct, and in many Boiaginacese the 
stigmas also , bnt in all Labiatae the stigmas aie distmot. 


FiCr 410 Fig. 411 Fic 412 Fio 413 



Fi(/ 410 Apocarpous pistil of the Pheasant s 63 . e (Adom^^) Fuj 411 

Pistil of XanthoAylon fiaxxneum buppoited on a gyuophore, < 7 , The 

ovaries, 0 and styles are distinct, but the stigmas, are united Fitf 

412 Pistil of Horehound i^Manuhxum vnlgaie) a Liabiate i)Unt Its 
ovaries, ct?, aic dibtinct, the stj les, s, being united, and the stigmas distinct 
Fig 413 Pistil of Myosotis^ a Boiagniaceous plant Distinct ovanes 

<r7 Styles united 

It IS far more common to find the carpels united by their 
lower portions or ovaries, and ihis niiion may also take place to 
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Yaiions extents. Thus, m the Hue 414, ov), the union onl^- 
takes place at the base of the ovaiies, the uppei parts leniammg 
distinct, in which case the o\aiy is commonly desciibe^? as 
lobed. In Dtantlms {fig 405) the ovaries aie completely 
united, the styles being distinct, while in the Prinnose i^fig 
367), the ovaiies, styles, and stigmas are all united When two 
or more ovaiies are thus completelj united so as to form one 
body, the organ lesulting horn their union is called a coinpomid 
OY poly ca'tpellary ovcny 

Polycaipellai y Ooa'ty — The compound ovary formed as 
just stated may either ha\ e as many cavities separated by par- 
titions as there aie component eaipels, oi it may only have one 


Fio 414 



Fig 41o 



Fig 416 



Fit/ 414 Flowci ottlieRue slio\\'ingtUe<>-va.3ies, oy, imxtefl 

at tlieir bases Fit/ 416 a Diagiam ot tliree carpels placed side side, 

but not united 6 A trausverse section ot the ovai les uf the same 

Fit/ 416 a Diagiam ot tliree caipels united bv then oTariCto, the 
stales and stigmas being fiee & A tiaiisverse bcctionot the ovaiie®! 
ot the same 

cavity These diffeiences have an important inHuence upon 
the attachment of the ovules, as will be afterwards seen when 
sjieaking of placentation It is necessary for us, therefoie, to 
explain at once the causes which lead to these differences Thus 
if we have three carpels placed side by side (fig 415, a), each 
of these possesses a smgle cavity corresi)onding to its ovary, so 
that if we make a transverse section of the whole, 5, we neces- 
sarily have tlnee cavities, each of which is separated from those 
adjoining by two walls, one bemg formed by the side of its own 
ovary, and the other bv that of the one next to it But if these 
three carpels, instead of being distmct, are united by their 



MOEPHOLOGY OF EEPRODUCTIVE ORGANS 187 


ovaries {fig 416, a), so as to foim a single o%ary, the lattei 
must necessarily also have as many cavities as there aie 
comilbnent carpels, &, and each cavit;> must be separated from 
those adjoining by a wall which is called a dissepime7it or 
paititioji. Each dissepiment must be also composed of the 
united sides of the two adjoining ovaiies, and is consequently 
double 

In the normal ariangement of the paits of the ovary, it must 
necessaiily happen that the styles (when they aie distmcti 
must alternate with the dissepiments, for as the foimei aie 
prolongations ot the apices of the blades of the caipeUaiy leaves, 


Fior 417 



FiGr 418 Fn. 419 


Fig 420 




Fuf 417 Ydiacal section of & iK>rtion of the inatuic 
ovaij of Cassia Fiitula showing a mnaber of tians- 

\eihc simnotis dissepimcut'a {phiagmntcC) Fig 

415 Vertical ssection of the ovaiy ot the Wallfiowei 
Oniles, each attached by a stalk to the xdaccnta, 
t)i cl Vertical spimous di&sei;)iinent called the re- 
plum Fig 419 Trans veise section ot tlie lowei 

paitotthe ovaiy of the Thoin-apple (^hatiaa Slia- 
momum\ showing that the ov.irv is heie four celled 

Fig 420 Tiansveise section ot the same ovai\ 

at its iippei part, sho^\lng that it ib here two celled 


while the latter aie formed by the muon of their margins, the 
dissepiments must have the same relation to the styles as the 
sides of the blade ol a leaf have to its apex , that is, they must 
be placed right and left of them, or alternate 

The cavities of the compound ovary are called cells ox loculi, 
and such an ovary as that just described would be therefore 
termed three’-celled or tr%locv»lar, as it is formed of three united 
ovaries All dissepiments which are not formed by the united 
walls of adjoining ovaries are termed Bjpv/r%ouB or false It 
follows, therefore, that a single carpel can have no true dissepi- 
ment, and is hence, under ordmary and normal circumstances, 
mvilocalanr or one-celled 
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From the xDrecedmg observations it must also follow that 
when o\aries which are placed side side cohere, and foim 
a compound ovar^, the dissepiments must be veitieal, and §qual 
in number to the ovaiies out of Tvhich that compound o\aiy is 
formed "VYhen a comiiound ovaiy is composed, howevei, of 
seveial whoils of ovaiies placed in succession one over the 
other, asm the Pomegranate, horizontal true dissepiments ma> 
be formed hy the o\ aiies of one whorl uniting by their bases to 
the apices of those placed below them (jfiq 567) 

We have ]u&t observed that all dissepiments aie said to be 
spurious except those which aie formed by the union of the 
walls of contiguous o\aiies, and it occasionally happens that 
such spuiious dissepiments aie foimed m the couise of giowth, 

Fig 421 


iV/ 421 Tian^\ei&e «!ectiou oi tlic oraiv ol tlio ui>iianbsintum ), 

sIiowTing fi\e complete and true dissepiments, and live iiioomplete 

spiuioiis dissepiments, & Z if/ 423 Ticins'veisc settion ot tlie matuie 

ovdi> ot Ast/af/fdtfs, showing- spuiioiis dissepiment pioceedinsj liom the 

doisdl suture Z'n/ 423 Ti.insverse section ot the matin e ovaiy ot 

Phaca 




by %vhich the ovary acquiies an iiiegular character These 
false dissepiments commonly arise fiom projections of the 
placentas inwards , or b;v corresponding growths from some 
othei parts of the walls of the ovaries Some of these aie 
horizontal, and aie called as m the Cass%a Fistula 
417), where the ovaiy, after fertilisation, is divided by a 
number of transverse dissepiments, which aie projections from 
its walls Others are veitical, as in Cruciferous plants, where 
the dissepiment, called a repUt,m {iig 418, cl), is formed from 
the placentas Also, in Datu/cb Stramomiun, wheie the ovaiy 
is foimed of two eaipels, and is hence noimally two-celled , but, 
instead of thus being biloculai, it is four-celled below {fig* 419) 
from the formation of a spuiious vertical dissepiment, but 
tow^ards the apex it is two-eelled {fig, 420), the dissepiment not 
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being complete thioughout, and thus the tiue natu>e of the 
o^ary is there indicated In the Gomd tribe {-fifj 547), also, 
spurlUDus dissepiments appear to be formed m the ovary m a 
\ertieal direction by piojeetions fiom the placentas. In the 
Flax:, again 421, 6), spin ions incomplete vertical dissepi- 

ments aie foimed in the o\ary by pio]eetions fiom the dorsal 
sutmes In the o\ary of the Ashagahis (fig 422), a spiuions 
dissepiment is also formed by a folding in w aids of the dorsal 
sutuie, while in Oxyt^opxs and Pliaca {iig 423], a spmions 
incomplete dissepiment is pioduced in the o\ai;v of each b^- a 
folding inwards of the ventral siitme Various othei examples 
of the formation of spurious dissepiments might be quoted, but 
the above will be siittieient for oui purpose It should be 


Fig 424 Fic. 425 Fir, 426. 



Fuf 424 Ti.iiis^crse sectiion ot the ono oc*lle<I ovaiy ot Aligrnouettc ( Rps* tiu) 

( Thelowei flAttenerl pt > 1^:1011 oi ovaiv ot one ot the tin ee carpels ot winch 

itibfoiraed pt Uiic ot the tin ce parietal plactut.is /’/#/ 425 Tians 

verse section ot the oae-celled oval \ of an Oichi-, ( The low ci portion 
01 o\ai yot one ottlie thiee caipeK ot which it is forme‘1, sli^litl> intohled 

p7 One ot the thiee pnnetal |>lat*entas 426 Tiaii&^eise section 

ot tho ovai ot a specie-, of Poppy or Ovulc-s pl(t( j>7(tc PlacLiit is, 
whicli in the \ouns ovai\ neail> meet in the centre, ind tliuss the ovAr\ 
heootncs almost maiiN-telh**!, Imt as tlu i>\ h\ piogicsstsin (hvolopnnnt 
It I'l oiil\ one-ecllel 


noticed that in our description of bjiuiious dissepiments we 
ha^e not confined our attention to those of compound o\aries 
alone, but have also leferiedto those of simple ovaries, in which 
they may equally arise Thus the spurious dissepiments ot 
Cassia Fistula, Astragalus, Pliaca, and Oxijfropis are all 
examples of such formations m simple ovaries 

We have now to consider the formation of the compound 
oval y lohvcli pi esenis hut one cavity, instead of two or moie, 
as in that ^ust alluded to Such an ovary is formed either by 
the union of the contiguous margins of the flattened oj>en 
ovaries of the carpels of which it 13 composed, as in the 
Mignonette {fig 424) ; or by the union of carpels the ovaiies 
of which are only partially folded inwards, so that all their 
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cavities communicate in the centre, and hence such a com- 
pound ovary is really imiloculai, as in the Oichis (iig 425 h 
and Fop])y 426) ^ 

Having now desciibed the paits, nature, and structure of 
the carpel, and of the gynoecium oi pistil geneially, -we pioceed 
in the ne^.t place to allude separately to the constituent parts of 
the carpel, both m a hee and combined state, namely, the ovary, 
style, and stigma 

1 The Ovar\.— The o\ary, as aheady mentioned, is called 
compound when it is composed of two oi nioie ovaries com- 
bined together, oi, on the eontiary, it is simple when it 
constitutes the lovei pait of a simple pistil {fig 396, o), or 


Fifr 427 



Piff 427 Pistil ot Dictftmnm FtatineUa The ovary is snppoi twl on a g% no- 

phore, and is superior Fig 428 Vertical section ot the flo%\er ot 

a Savifrage, ^howiiigr the ovaiy paitialU adheientto the calw Fig 

429 Compound irresrular mature ovai^ of Auh/ 1 hmum 


of one of the carpels of an apocarpous pistil {fig 279). It 
should be noticed, therefoie, that the terms simple pistil and 
simple ovaiy are not m all eases synonymous terms, thus, a 
pistil IS only said to be simple {figs 396 and 406), when it is 
foimed of but one carpel, the terms pistil and carpel being then 
mutually convettible , but an ovax'y is simple, as just noticed, 
whether it forms part of a simple pistil, as in Leguminous 
plants generally {fig 406), or of one of the carpels of an apo- 
carpous pistil, as ill the Stonecrop {fig 279) 

G-enerally speaking, the ovary is sessile upon the thalamus, 
the carpellary leaves out of which it is formed having no stalks 
In lare oases, however, the ovary is more or less elevated above 
the outer wdiorls, when it is said to be stalked or stvjgitate^ as in 
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the Dzctamnus {fig 421, g), and D^antJius {fig^ 405, g) , this 
stalk has leceived the name of gyyioplioie 

The ovary, wliethei simple oi compound, may be either 
adherent to the caljv oi free fiom it In the former ease, as 
in the Myrtle (fig 270), it is inf ej toy oi adherent, and the 
calyx IS su;pe} hor , m the latter, as in Diciamnus {fig. 427), 
it IS suiyezioi or fzee, and the calyx is infezioj In some 
floweis the ovaiy is but paitiall^ adheient to the calyx, as m 
the species of Saxifiage (fig 428), in \\hicli case it is some- 
times teimed half’-adlieient or half -izi fez loi , and the calyx is 
then said to be half-Mii^erio^ , the latter teims aie, ho's^evei, 
but larely used, the ovar^" bein^ commonly described as inferior, 
•whether its adhesion to the calyx be complete, oi only partially 
so, and mce vezsd. 

The student must be caieful not to confotmd the infeiior 
ovary, as now desciibed, with the ai^parently inferior ovaiies of 
such floweis as the Rose (fig. 280), where the thalamus, r, i , is 
concave and attached to the tube of calyx, ct, and beais a 
number of carpels, o, o, on its nmer w^alls A lons^itudmal section 
wull at once show the diffeience, thus, in the Rose, we should 
then find a single cavibv open at its summit, and its w^alls 
covered with distinct carpels The ovaries of the Rose are 
therefore superior oi fiee. 

The ovaij" vanes much m foim and m the chaiactei of its 
suiface when simple it is generally more oi less iiiegular in 
form, but when compound,\i is commonly regular Exceptions 
to the regulaiity of compound ovaiies may be seen in the Antir- 
rhinum {fig 429), and in other mstances In foim, the com- 
poimd ovary is generally moie oi less spheroidal, oi ovoid The 
outer surface may be eithei perfectly even oi unifoim, thus 
showing no trace of its internal di-sisions , or it may be marked 
by furrows extending from its base to the origin of the styJe 
and coi responding to the points of union of its constituent 
caipels When these furrows are deep, the ovary assumes a lobed 
appearance, and is desciibed as one, tzoo, three, four, five, or 
many-lohed, according to the number of its lobes. Sometimes 
we find, in addition to the furrows which coriespond to the 
l)oints of union of the ovaiies, others of a nioie superficial 
character which coi respond to the dorsal sutuies At the 
latter points, however, it is more common to find slight pi ejec- 
tions, which then give a somewhat angulai appearance to the 
ovary 

When the ovary is compound, the number of caipels of which 
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ifc IS composed may be aseei tamed in one or moie of tlie follow- 
ing ways "W’^b.en the styles \iig 290;, or stigmas 34b), 

remain distmct, the mmiber of these generally coiiespouus to 
the numbei of car^iels It does, howe^ei, occasionally hap- 
pen, as in B^ijihoihia {fq* 430), that the styles are themsehes 
dmded, in which ease the\ would of course indicate a greater 
number of caipels than are actually present, we must then 
resoit to other modes of asce) taming this jioint, such, for in- 
stance, as the furiows oi lobes on the external suifaee oi the 
oyary ; or the numhei ot paititions or loculi which it contains, 
as these commonly correspond in numbei to the carpels ot 
which that oyai\ is composed The mode of ^ enation may in 
some cases also foim a guide in the determination , while m 
others the inaimei in which the mules aie attached must be 


Fifr 430 



Fkx 431 



ri(} 430 Pi-sTiUaTe llowei ot a specie'^ ot Jiuphot hut^ with tin oo toi ked bt v k*-, 
in Verticnl bectiou ox the flow ei ot the Stoned op PLiccnta ot 

(ine of the ovame-. ansinf? tiom the vential siirmc 


taken into consideration We now pass to the examination of 
the latter point 

The term placenta is commonly applied to the moie oi 
less marked projection oecuirmg m the ea\ity of the oyar;v 
{figs 398 jp, and 431, pl)^ to which the ovule or ovules 
are attached The placentas are \ariously distributed in the 
ovaries of different plants, but their airangement is always the 
same foi that of any particular species, and frequently through- 
out entire geneia, or even natuial orders, hence their accurate 
discrimination is of great piactical importance (see page 197) 
The term placentaiion is used to indicate the manner in which 
the placentas are distributed- 

a Kinds of Placenta fio?i — In the monocarpellary ovary the 
jilaeenta is usually situated at the ventral suture or that point 
which conesponds to the union of the two margins of the 
blade of the earpellary leaf {figs 398, 399, and 431), out of 
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which it IS iormecl , such a placenta is theiefoie usually termed 
mai ffinal 

I?ii compound ovaiies we ha^ethiee kinds ot placentation , 
namelj, cuile^ jjanetnl, and fiee cent ml Tlie a tile form 
occuis in all compound manj^-celled ovaiies^ because in these 
each of the o^alles of the component eaipels is placed m a 
similai position to that of the simple o^ai^ ( pffs 415 and 41t>), 
and hence the placentas situated at then 'sential sntmes will be 
aiianged m the centie oi axis, as in the Lily [Jig 432), and 
Camjtanula {fig 483) 

111 a comiiound one-celled o\ai^ theie aie two foims of pla- 
centation, nameL, the paiietal^ and the f) ee-centy nl The iila- 
centation is teimed w' hen the oMiles aie attached to 

placentas either placed diiectl^ on the mnei wall of the ovary, 


Flu 132 


Ficr 433 


Fig 434 



y'v</ 432 Truisvei-'t a>t» taon <>i the compound o\«xx\ oi tlic Lil\ Theo\ u\ 

is tliieo celled (tiiloculai) The placeiit is, Aio umU* t»i ceuti.d 

/'it/ 415 Titinsveise spctionot the oviiy of *i sx»uciLsni f The 

o\aiv lb fi\ocellc‘<l oi (ium<ineloeiilai and the, x)la«.cut ifciou, .i\do oi 

cc uti ill Fit/ 1 14 Ti ius\oi se sci-tion ot the ovdiy ot a s^jecics ot CaUit', 

The oviiiy is oiie-ccllcd and the p’ icciitation i>xiietil 


as in the Mignonette {fig 424, jjZ), and Cactus ( fig, 434) , oi upon 
mcomplote dissepiments foimed, as already noticed, by the par- 
tially infolded ovaries, as in the siiecies of OicJtis {fig* 4!26 ,jjI) 
and Popxiy (Z?// 426, In paiietal jilacentation, the number 

of placentas coiiesponds to the number of caipels of which the 
ovaxy IS formed, and their xDOsition to the edges of the carx>ellai^ 
leaves When the x>ldcentas aie not attached to the innei wall, 
of the ovaxy, but are situated m the centie of the cavity and 
perfectly unconnected with the wall, they foim what is called a 
free central placenta^ as in the Caryox>hy]lace 2 e {figs* 436, jp?, 
and 437,^), and the Primulacese {fig 438,^7) 

Besides the regular kinds of jih^centation just described, it 
sometimes happens that the ovules aie iilaoecl more or less 
VOIi, I o 
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niegulaily in the cavity of the ovar\ Thus, in the Floweimg 
Biisli {fig* 439), they covei the whole inner siiifaee of the o\aiy 
except the midrib ; in which case the plaeentation is someCimes 
described as siijyerficiah Other megiilaiities also occui thus, in 


Fio 436 Fio 437 



Fv/ 435 Trans'v ei se facctiou of tlie young ovaiy of Campion (Zvc7i«/ s ), sIlO^\ - 
mgr five paititions pioceedmg fiom tlie ^•^alls of tlic o\<uy to tlie placentas 
111 tlie centre , tliese partition? aie destroyed b\ tlie giovttli of the ovaiy, 

bo tliat the pliccntatiou ib ultimately free 436 Tertical section of 

Ceia'stmm Jiitsufum (Ca) yophyllittece) o OvaiS P "Free cential pla- 

cciita q Ovules s Styles and stigmas Fiq 4Z7 Trausveise section 

of the same \\ ibh the t\\ o poi tions or sections sepai ated o Ovary p Pla- 
centa q Ovule-* s Styles and stigma? Piom Jussieu Fiq 438 

Vertical section of the pistil ol Cyclamen iF?zmu7fttew') s Sepals 

p7 Plea cential iJacenta sf Style Stigma Fit/ 43*1 Vertical 

boction of the flow er of the Plow eiing Rush ( Bu7oniU& 7tm7jeI7a(ifs)f show ing 
the innei suiface ot tho o*vaiies ooveicd all o-v er wntii ovules 

Nymplicea^ they are attached all over the dissepiments , in 
Cabomha, the;> arise horn the doisal sutuie ; and in the Broom- 
rapes {OroJ)a7ic7i6), h^om placentas jilaced within the margins of 
the ventxal suture 
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h O 7 tgi7i of the Placenta — It is geneiall^ believed that the 
placenta is, m mo&t cases at least, a cellular giowth developed 
tiom'^he confluent maigins of the cariiels, 01 , more stiictly 
speaking, horn the confluent inaigins of the blades of the 
caipellar\ leaves In some cases the placenta extends along 
the \vhole line of union of the caipel {fig 481, or t maybe 
confined to its base 01 apex Each placenta is therefore to be 
consideied as composed of two halves, one half being formed by 
each luaigin of the caipel Thus in simple ovaries the xolacenta 
IS de\ eloxied bj a single caipel In compound man^ -celled o\ aiies 
the placentas are foimed by the union at the centre of the ovaiy 
of the inturned max gins of the caipels ; while m comxioiind one- 
celled ovaiies xuesentmg paiietal xdacentation, each placenta is 
foimed ftom the contiguous maigins of two carpels which do 
not meet in the centre. 

That the xfl^centas aie leally developed m the above forms 
of xflacentation from the maigins of the caipels seems to be 
pioved in various wa\s Thus, m the fust place, the placentas 
always eoiiespond m legular kmds of xilacentation to the points 
of union of the maigins of the caipel or carpels, and hence 
would naturally be considered as foimed fiom them , and 
secondly, we fiequently find, that in monstrosities or abnoi- 
mal giowths wheie the carpel is developed m a more oi less 
flattened condition, a placenta beaimg ovules is foimed upon 
each of its margins 

But in leference to the origin of the fiee cential placenta 
two different views aie entei tamed Thus it was foimeily 
supposed that tins also was a development fiom the maigins of 
the carpels It was thought that the caipels of which the 
comiiound ovaiy was formed originally met in the centre and 
develoxied placentas from then margins in the same manner as 
in ordinary axile placentation, but that subsequently the walls 
of the ovary giew more lapidly than the dissepiments, so that 
the connection between them was soon destioyed, and that 
from this cause, and also fiom the great subsequent develop- 
ment of the placenta, the septa ultimately became almost or 
quite broken up, so that the placenta was left free in the cavuty 
of the ovary This theory is strengthened by the fact, that m 
several of the Caryox>hyllacete we often find dissepiments in the 
young ovary {fig* 435) , and even traces of these at the lower 
Xiart of the mature ovary ; hence it may be concluded that these 
are the remains of dissepiments which have become ruptured 
on account of the unequal development of the parts of the 
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ovary. In the Piimio&e, lioA\evei, and many otliei plants, 
which lia\e a fiee cential xilacenta, no tiaces of disseinnientfe 
can be found at am peiiod of the growth of the Aaiy 
Diichaitre, and otheis also, ’who have tiaced the de^elopment 
of the o\aiy in the Pi imulaceje, state that the jilacenta is free 
in the centie fiom its eaihest appeal ance , that it is oiiguiall;v 
a little papilla on the apev of the thalamus, and that the w alls 
of the futuie o\aiy glow uj) peifeetl>, hee, and ultmiatelv 
enclose it. The foimation of such a fiee cential j)lacenta can- 
not theiefoie be w^ell evidamed upon the inaigmal theoi,'^, as 
the eaix)el& ha^e ne\ei had any connection wutli it cvcei)t at 
their bases Noi is it necessary to suppose that the xdacenta 
IS essentialli of foliai oiigin Since it has been established 

that the o’vnle is to be looked upon as 
Fit. IIO the maciospoiangium of the floweiing 

Xilant, 3t follow s that it may be piodueeci, 
as other sporangia are in some of the 
lowei foims, eithei fiom the avis it- 
self, or from foliar outgiowths from 
it (sporoi)hylls) The case of the Yew, 
alieady leferied to, is another case of 
avialoiigm, the OMile being heie naked 
and terminal Other cases ha\ e been 
alieady lefeiied to, and to them the 
instance of the Plumbagmacese ma\ 



Fi>j 440 Tcitical seotion ot 
tUt* flo\\ ei of -.1 / me? itt The 

ovai\ IS seen to cuutam only 
a. single ovule suspended 
fiom d funiculus or stalk 
The ovule is hero «adid to be 
1 ecliudte 


be added InAi meria, a genus of that 
natural ordei, the oi aiy, -which is com- 
posed of e carpels, sui rounds a single 
ovule, using from the axis, sujixDorted 
on a stalk which cuives dowmvaids at 


its apex, and thus suspends the ovule 
fiee in the centre of the cavity {ficf 440) Heie, theiefoie, the 
ovule and placenta are developments of the axis 

Fiom all that has now been stated, we may diawthe follow’ - 


mg conclusions, namely — that no one ^ tlieor\ sufficiently 
accounts for the pioductioii ot the placenta m all eases , but 


that the avile, xianetal, and some foims of the fiee central 
placentation ma\ be best explained on the foliar ’ 

and that the formation of the free cential placenta of the 


Primulacea?, Santalacese, and some otliei x>lants, can only be 
satisfactorily explained by considering the placenta as a x^i'O" 
duction of the axis 


From a practical pomt of view, the mode of pioduction of the 
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placenta is of little impoitance The accurate disci immation of 
the difteient kinds is, lio\\over, of much value ni Desciiptive 
Botih;v,l> 3 " affording us constant, and hence important chaiacters 
foi distinguishing plants. Some natuial ordeis exhibit more 
than one ^aiiet^ of placentation, and cannot be theiefoie distin- 
guished b^ an;y paiticnlai kind ^ hence, in such ordeis, the pla- 
centation can only be ajiiilied in obtaining good chaiacteristies 
of the goneia In the nia]ority of instances, howe^er, find 
one kind of placentation occiiiimg thionghout all the plants of a 
particulai natuial oider Thus, the Scioiihulaiiacese, Eiicacefo, 
and Campanulacete inesent us with axile placentation , the 


Fio 441 Fio 442 Fio 443 



/’/// 441 Ono ot the caipeK ot the Stiawbeiiy 'Wit.li a lateial style 

/'’k/ 412 Cat pel ot lZ<Ae/«7/7« \MtU a basilar stjlr The stigma is capitate 
413 The eai ])Oi)hi))C, r , ot a '•pctnes ot with the i oiled-back 

can)elN 


Papaveraeefe, Violaceee, and Crticiferse with parietal; and the 
Caryophyllaceie, Santalacese, and Primulacese, with free central 
placentation. 

2 The Style. — The style usually aiises from the geometrical 
summit of the ovary, of which it is a continuation in an upward 
diiection,as in the Primrose (/r^ 395) il is then termed apical 
In other cases, the apex of the ovary becomes inflected towards 
the side or base, from the carpel or caipelsof which it is formed, 
being folded like ordinary leaves m rechnate vernation , the style 
then becomes lateral as in the Strawberry 441), oi hasilar 
as in AlcheimUa {fig 442). In the two latter eases, therefoie, 
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the geometrical and oiganie apices of the ovarj- do not coiiespond 
as the pomt of oiigm of the stjle always detei mines the lattei 
The style is generally diiectly eontinnons \Mth the (jVarv, 
which gradually tapeis iijiwards to it, as in Digitalis , in which 
case it IS j^ejsisfent^ and then it foi^ns a moie oi less evident 
part of the fiuit , at othei tim^^s, hoyrevei, tlieie is a kind of 
contraction or species of aiticulation at the pomt where the 
stjde springs from the ovaiy, as in Sen pics, and then the style 
alwa;ss falls off aftei the piocess of feitilisation is completed, in 
which ease it is said to be deriditni/s, and has no connection 
with the fruit 



444 'Female fLowei at one of the El fp7w}7nacap e Cal\i. p^p Petal*? 
t Afembianous exi>an«?iou round tbc o^arv o Ovai\ \\itli thiee styles 

s, e.icli of w liicjh !*> t\\ ice-toi ked Fit/ 445 0\ ai \ ot the Castoi-oil Plant 

(Riunus commums)^ belonging* to the Enphoibinceep The styles in tlii*^ 
e ise ai e onee forked 


"When the style is basilar or lateial, and the ovary to which 
it IS attached more or less imbedded in the thalamus, it fre- 
quently appears to spring ffom the latter jiait, such an arrange- 
ment is called a qynohase, and the ovary is said to be gynohas^{ 
Thus m the Labiatoe (Jig 412), and Boiaginacese (fig 418), the 
ovaries are free, but the styles become connected and form 
a central column, which aiipears therefore as if it were a pio- 
longation of the thalamus 

Such an arrangement must not be confounded with that of 
the ovaries and styles of the species of Ge7amum (fig, 443), and 
some other plants, where the axis is prolonged in the form of a 
beak-like process, to which the ovaries and styles become united, 
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and horn whicli they separate when the finit is iipe. Tins 
pi elongation of the thalamus is teimed a caipopho^te 

When the st;^les of a synearpoiis pistil aie distinct, they 
usually eoriesiDond to the niimbei of carpels of which that pistil 
IS composed It sometimes happens, bowevei, that the style of 
each carpel biftii cates or becomes foiked, as in some Euphor- 
biacese, either once {figB 430 and 445), oi t^iee 444) , in 
which case the apparent number of the st;vles above is then 
double or quadruple that of the caipels 

When two or moie styles are united into one body, this is 
termed a comjpoujxd style ^ This adhesion may take place either 
entirely as in the Piimrose 395), wrhen the style is termed 
, or the union is more or less mcomplete as we proceed 
tow^ards its apex, and coi responding teims aie used accord- 
ingly These terms aie similar to those previously mentioned 
m desoiibing the degiees of division of the other parts of the 
plant thus the style is said to be cleft, w^hen the union be- 
tween the component styles extends to at least midway between 
their base and apex, and the style is said to be iizfld^ 

qttad/iifidy gtcinguefld^ or multzfid, according as it is tioo^ three ^ 
four^ five^ or many-cleft. If the union between the component 
styles does not extend to midway between their base and 
apex, the style is ;parHte^ and is described as hvpartite^ 
trypart%te^ guadrijpartite^ &c , according to the number of 
partitions. 

Fo'i in and Surface of the Style — In form the style is gene- 
rally more oi less cylindrical ; and either tapeiing fiom the base 
to the apex, as is more frequently the case, or becoming en- 
larged as it proceeds upwards At other times the style is fili- 
form, or more or less thickened, or angular , and laiely thin, 
coloured, and flattened hke a petal, as in the species of Ca7ina 
and Ir^s (Jig 446), when it is said to be gpetalond 

The surface of the style may be either smooth, or covered in 
various ways with glands or hairs. These hairs when situated 
on the style frequently serve the purpose of collecting the 
pollen as it is discharged fiom the anther, and are hence termed 
collect'ing }ia%rs. The collecting hairs on the style of the 
species of Cam^panula are letractile In the Oompositse the 
surface of the style is also more or less covered with stiff 
collecting hairs (Jig, 448, jpe) , as the style is developed later 
than the stamens, it is at ffrst shorter than these organs, but as 
growth proceeds, it pushes itself through the adhering anthers, 
and thus the hairs on its surface come in contact with the pollen 
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and become covered \vith it In some of tlio oideis allied to the 
Compositte, the haiis foim a little iing below the stigma {jiq 
447, 7) 

d The Stigma — T he stigmas of a s;vncaiiDoub x^^stil aie 
geneially ojjposite to the colls, and alternate ’with the dissepi- 
ments, but it sometimes happens, as in the Pox)pv, that half 
the stigma of one caipel unites with a similar half ot that of 
the ad]oming caipel, and thus it becomes alternate with the 
cells, and opposite to the dissepiments, which aie heie, howeiei, 
imxieifect (fig 426) 

"We have aheadv seen that the stigma may be se^Darated tiom 
Fio 446 



foi/fwsft t &t\le s fetigma Fin 44S IJppLi paitof the ot 

a. Compos-ite plant, <lividiiig into Uiri hi inclies, whioli ,ue ooveied abo\t* 
In collomiia /»<• 


the ovary by the style (figs, 395 to 397), or the latter oigan 
may be absent, m wdiich ease the stigma is said to be sessile, 
as in the Baiberr^ (fig 398, st) and Popjiy. In Orchids the 
stigma IS sessile on the g^nostemmm, and apjiears as a little 
eiip-shai)ed viscid sx)aee jnst below the attachment of the jiollen- 
inasses 

In a syncaipons pistil the stigmas may be eithei united to- 
gether as in the Priimose (fig 395), oi distinct asm the Cam;pa~ 
n id a (fig. 333} , m the lattei case, instead of looking upon these 
separate parts as so many distinct stigmas, it is usual to clesciibe 
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them as if they weie poitions of but one , thus ue speak of the 
bti^na as hvfid, ti ijul, to , oi as hilohnte^ i) ilohate^ liLC , accord- 
ing ’^o the numbei and charaetei of its clnisions Thus the 


Fkt 449 


Fkt 450 


FiCr 451 




Put 440 Pi -.til of a Lily, with oiic stvli* and a 

trilobate stigma Fiy 450 I^obed stigma 

nt tlie ISIelon Pitj 151 Pistil ot a sij^ie& 

ot Chi ysantlumuuu with one stylo and a 
bifid stigma, tin diM-^ioiis with hairs at 
then ixtitmitK s 



term lohe is usnalK *apphed tthen the dmsions are thick, as in 
the Lily 449) and Melon ( iig. 450) , or tvhen these are 


Fig 452 


Fig 453 



Fiq 452 stigma, ,s. Attached to st'^lo, of Bxgnoma uihoxea In the lett- 
hand figure the lamella are separate, in the other applied closely to 

each other Fttf i53 Plowei of a ^iiocies ot Rumet, showing tnnged 

stigmas, pi 


flattened and somewhat strap-shaped, as m the Compositse {Jig. 
451), the stigma is Jxssured or clefts or when flattened into 
plates or bands they are termed lam ell cc^ as in Bignonia {jig* 
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4o2) and Mimuliis The niimbei of these divisions in the 
majorit;^ of instances coiiesponcls to the number of caipels of 
T\hieh the pistil is composed, and it the lattei oigan is nfliny- 
eelled, the number of cells will generally coiiespond also to the 
divisions of the stigma Thus the ^i^ e-cleft stigma of some 
Campanulas indicates that theie are five cells to the o^ary, and 
that the instil is foimed of tiAe caipels In the Giaminacece 
[firj 404) and Compositae (jftqs 448 and 451), howevei, vie have 
a bihd stigma, and but one cell m the ovaiy. 

The lobes assume diffeient appearances . thus, they may be 
smooth, or thick and ilesh;v as m the Melon (fig, 450), oi fea- 
theiy as in many Glasses ( -fig 404), or fringed oi lacmiate as in 
the Biunejc (Jig ^l) 

YThen the stigmas are united, the numbei of parts in the 

Fig 454 
s 


i 


\\ 

Fiq 454 s Peltate or siiielcl feliapcd stigma surmotmting tlie st\ lo, U ot a 

species ot Aihutus Fifj 455 Pistil of Daphne o O'sai^ 6t St>le 

Stigma Fkj 456 Pistil of Pansy ( VwUi tt xcdloi ') cal Kemaiiis ot 

ealr\ a Ovarj *ity St^lc, «iiirmmiiitefl by an inegiilai hoo<le<l stigma 

compound stigma is usually indicated by ladiatmg fiu?rows, oi 
gioo\es- When the stigmas unite and form a compound body 
upon the top of the stjde, which is larger than it, this compound 
stigma oi head is said to be cajp%tate , and this head may be 
either globular as m DafiJine (fig 455, sizg), or hemispherical 
as m the Primiose (fig 395), or polyhedral, or club-shaped, oi 
peltate oi shield-shaped as m the Arhutus (fig 454, s), and 
Poppy In the Violet (fig, 456), the stigma presents an iiregular 
hooded appearance 

The Flo wee-bud, Estivation oe Pe^eloeation, 

The mode in which the different parts of the flower are dis- 
posed m the flowei-bud is termed their cBstivaUo'n or ^rceflo- 
ration The terms used in aestivation especially refer to the 



Fig 455 FiCx 456 
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lelative positions of the component jiaits of the calyx and 
corolla, because the stamens and caipels, fiom then peciiliai 
foiihs, can give us no such ariangements ol then paits as aie 
exhibited by the more or less fattened floral em elox>es. 

In desciibmg the modifications of aestivation, we have to 
include 1st, the chsposition of each of the component paits of 
the fioral envelopes, consideied independently of the others, and 
2nd, the i elation of the sexeial members of eithei of the fioral 
envelopes taken as a whole m lespect to one another "With 
legal cl to the disposition of each of the component paits of the 
fioral envelopes considered independently of the others, the same 
terms are used as in similar modifications of vernation (page 
8b), with the addition of the crumbled oi co'i'iugated form, 
which IS not found in the parts of the leaf-bud. This latter 
xaiiety may be seen in the petals of the Poppy (JPapaver), and 


Pie 457 Ficr 458 Pio 459 Frcx 460 



437 Biagiam to illiistiato valvate cestivation Ftt/ 45S Diaa:iam to 

lUustiate iiKlupheate aastivation Mt/ 459 DiaEfiam to ite letlii- 

plicate (Tstivation jFur ICO Diagram to illiistiate contorted ox t\\ i-r^ted 

festi V Ation 

Rock Rose {Hehayithemum') , and it derives its name fioni the 
parts being iriegulaily contracted into wimkled folds 

With lespect to the relation of the several membeis of either 
of the floral envelopes taken as a whole to one anothei, various 
modifications occur, all of which may be arianged in two divi- 
sions, namely, the Cvrcular or Yalvafe and the Imhricaiedu 
1 Varieties of C% 7 *cular Estivation — We distinguish three 
well-marked varieties of circular £estivation, i e the valvate, ^n- 
(luyylicate^ and redwplicaie The valvate ( fig. 457) may be seen m 
the calyx of the Lime, and mthat of Guamana %oh 7 %%folia ; iii this 
variety the component parts are fiat or nearly so, and in contact 
by their margins thioughout their whole length without any 
overlapping This variety of sestivation may be generally dis- 
tingmshed, even when the flowers are expanded, by the margins 
of its component parts being slightly thickened, or at all events 
not thinner than the rest of the organ ; whereas in all varieties 
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of imbiicated ciestivation the overlapping margins aie nsiialH 
thinner, as maj be •well seen iii the sepals of the species ot 
Geianmm 'When the component sepals, oi petals, instea'd of 
being fattened, aie folded inwaids at the points wheie tlie\ 
come in contact {Jiq 4.>8j, the «pstiYation is indujiHcate^ as m 
the xietals ot Gua uma uhnifaha, and in the sepals of some 
species of Clematis When the maigins aie tinned outwards 
mider the same cncnmstances ( fiq 459), the a?sti\ation is le- 
duplicate^ as m the sepals of the Holl3dlock(A?f7^^ra rosea)^ and 
some othei Malvaceons plants , and in tlie iietals of the Potato 
'VMien the pa its of a whoil aie placed at the same height, oi 
apparently so, as in the oi<linaiy forms of ciicular aesti\ation, and 
one niaigm of each pait is dnected oblicpieH inwaids, and is 
overlapped by the jiart adjacent on that side, while the other 
maigm covers the corresponding margin of the adjoinmg xiart 
on the other side, so that the whole presents'^ more or less 
twisted appearance {fig^ 460), the lestivation is contoited oi 
hoisted It occiiis \er\ frequently m the corolla, but is very 
rare in the calyv Evamples may be seen m the corolla of the 
Holl;>hock and other Malvaceons plants , in that of the common 
Flav {liinitm ^ and genei ally m the order Lmacese, 

m the yt John’s Wort (Hyjie) i(um) , in the Periwinkle (Vmca), 
and in many other of the older AiiocMiacea:, to which 

this x)lant belongs Twisted sestnation may be regarded as in- 
termediate between the circtilai and imbricated forms When 
in this variety of aestivation the comxionent members are united, 
they ma,\\be variously jp 7a if or })licate^ as m the corolla of the 
common Bindw^eed and of other Com olvulacece, m which case 
the aestivation is usually termed ov plaited 

2 Va}ieties of Imhiicated oi Bpual ^distivation — We dis- 
tinguish five -varieties of this kind of aestivation, i e tho imhi i- 
cate^ coyivolute or enveloping, qvincuntinl, cochlear, and vexil- 
Iniy The true imhiicate aestivation, as seen for instance in 
the calyx of Camellicu japonica {fig 461), is formed by thecom- 
XDonent parts being placed at different levels, and overlapping 
each other more or less by then margins like the tiles on tho 
roof of a house , this is a veiy common vaiiety When tho 
X)aits, mstead of merely oveilaxix>mg, completely envelope each 
other, as in those of the calyx of Magnolia qrandifloia, and m 
those of the corolla of Camellia japonica, the testuatioii is 
termed coiivoliite by some botanists , but this teim is now more 
frequently applied to the contorted variety of aestivation, when 
the parts overlaxJ to a consideiable degiee, as in the Wallflower 
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When the paits of a fioial ^\hoil aie h^e in nnmbei, and these 
aiianged in such a maniiei that there aie two paits placed on 
the^ outside, two inside, and the fifth o\cilappmg one of the 
liiteinal b\ one inaigin, wdiile it is itself oilapped on its othei 
luaigm b^ one of the e-vteinal paits, the testivation is said to be 
qnmcuncial {Jirj 462) Familial examples of this form aie 
affoided by the eoiolla of the Pose, and the calyx of the Bind- 
w'eed {Convolvulus sepiuni) In this kind of aestivation a 
spiial ariangement of the iiarts is well seen, and is indicated m 
the diagiam ( iiq 462) b\ a dotted line The spiial cycle thus 
loimed, which is the noimal one in peyitanie^ oils oi quinay y 
floweis (those with the }oaits m fi^es), and which occurs m the 
ma]Oiit> of Dicotyledons, coiresponds to the i, j^^ntaatichous^ 


Fio 4G1 Fio 462 Fio 46a Ficr 464 



I uf ibl HiAuiani to mibucatc Tlie figuits, 1, J, J, 1, 

5, show that the smcO'^MVc i)aits aie aiianuMl m a spnal mainiOi Inu 

tbJ Diajyiam to lUusticitc qmiicniuxal itiou 1 and 2 lie cvteiiial 

t .111(1 *5 luteiiicil, and J paith e\teiiial and i>.iitl> internal Fttr 4b] 

Diaifiiiu to 3llii«?tiatc coilile^u lestn atioii Tlu* i>ait maihtd 2 in the 
piecediiia cliayi.iin is lieic wbolU niteiiial nisttad ot cvtdnil xs in the 
(liiincmui il ananpcuiont llie d<»ttcd line inaikod 2 indic ites its noim il 

]M)situm in the tiLiC qiiincnncial xaiict^ ut a.'-tiv’ation Fitf 16 4 Diaai.ini 

to illnstiatc ^t*xillaix cestivition 1 and 2 uniii the alas oi wnnir-^, o and 
■5 tl»e e.uina oi keel, 4 the 'xevillniii (See‘ I*({pihonac( uiih (Uuolla ) 


OI yzyc-9 airangement of lea\e& ^Yhen in a qiiincuneial 

arrangement the second pan; of the c;>cle becomes wholly internal 
instead of being external, the regulaiity of the quincunx is mtei- 
lupted, and a ^arlety of aostivation occurs to which the name 
cochlear has been given (fig 463) Famihai examples of this 
are affoided by the Snapdiagon {Ania } hinuin ma]us)^ and othei 
allied plants Anothei marked modification of imbricated aesti- 
vation occurs m the coiolla of the Pea and othei allied jjlants, 
wheie the supeiior petal 4, which is generally the laigest, and 
called the vexillani^is folded over the othei s which aie aiianged 
face to face (fig, 464) This kind of aestivation is commonly 
termed vexillmy 

It frequently happens that the cal 3 rx and coiolla exhibit dif- 
ferent kinds of aestivation. Thus, m Guaztvyna, iihnij-oha the 
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calvt IS lalzate ^ and the corolla indapliutte In MaUaceoiis 
plants the cal^x is idlzate or shows some foim of circtilai aestiva- 
tion , and the coiolla twisted In these tw o examiiles the ditfe(?eiit 
varieties of Lestnation, as exhibited the two tioial envelopes, 
may be considered to belong to the same class of destiv ation, i e 
the cuciilai But instances also fiequentlv occui where the 
calyx and coiolla inesent ditfeient modifications, and which 
belong to both classes , thus, m the Corn Cockle {GithcKfo 
segeiu7}i), the species of St John’s Wort (Hi/2>e7 iciim), the 
Geianium, and in man;y other plants, the calyx is qtu?wuncial 
oi zmh? uate , and the coiolla twisted 

The kinds of aestivation above desciibed are always constant 
in the same individual, and fiecxuently thioughout entiie genera, 
and even natural oideis , hence they aie of great impoitance in 
Systematic Botany" 

The term anthesis is sometimes used to indicate the period 
at which the flower-bud o]3ens 

Besides the definite and constant relations which the parts 
of the fioial envelojies ha\e to one another in the flow ei -bud, 
they hav e also a definite and constant relation in the same plant 
to the axis upon winch they aie xilaced In desoiibing these 
positions we use the terms antetio) oi infe)io}^ siijpeiioy oi 
qjoste 7 107 , and lateyal Thus, w^e call that oi^an ;poste7*zo7 oi 
which is tm*ned towards the axis, and that next the 
biact from the axil of which it arises, i77fe7V07 or a7ite7io7 
^Vhen there aie four organs in a whoil, one will be suq^eytoy, 
one znfeyio}^ and two latezal^ as m the sepals of the Wall- 
flower If theie aie five we have two airangements Thus, 
m the calyx of the ordei Legummosae, two seiials aie lo?, 
two lateyal, and one uifeiior , while m the coiolla one petal is 
suj)e7i07, two z77fe7io}, and two lateial 803 and 464) 

But in plants of the oidei ItosacecE we have a precisel;^ 
reverse x)osition exhibited b^ the parts of the tv \'0 floral enve- 
lojjes 5 thus, heie we have two se]ials iiyfeiio)^ two lateial^ and 
one auqjey lO} , while in the corolla theie are two petals sujpey loi , 
two lateral, and one i77fe7 107 {fig 302) 

The same definite relation with respect to the axis also 
holds good in many cases m the stammal and cai]3ellai;v whoils, 
by which impoitaut distinctive chaiacteis aie fiequentlv ob- 
tained, as will be seen aftei wards when treating of Systematic 
Botany. 
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THfc. OwIaI^ 

ha^e seen that the caipel is especially chaiacteiifeecl bv 
its beaimg in neail\ all cases the stiuctmes known as oMiles 
which we have aheacly stated to be the inaciospoiangia of the 
plant The^'ditfei m complexity of stiuctuie horn the spoiaiigia 
of the \asculai ciyiitogams, but their identity of natuie will be 
demonstrated latei in ti eating of their anatomj and develop* 
ment The tiue homologue of the o\ule is lathei the soins of a 
tein contammg one spoiangium, and covered by an mdusium, as 
in A^oUa, The coatmgs of the o\1ile eoriespond to the lattei, 
and its mass to the spoianginm 

An ovule of an Angiospeimous plant consists of an ovoid 
•body, which m section shows the jiaits lepiesented m fir/ 469. 
Theie is a central mass of tissue which constitutes the bulk of 
the structure, and is called the niicellus. This is surrounded 
by certain coats or mteguments which glow up lound it and 
enclose it, with the exception of a small canal oi passage at the 
apex This passage is known as the mic} ojjt/le. In the inteiior 
of the nucellus is a conspicuously laige cell with thin walls, 
which IS the viac} 0 S 2 J 0 ?e or emb? i/o^&uc The maciospoie nevei 
lies free in the mterior of the sporangium, as in the case of the 
miciospoies already desoiibed It is always at fiist suiiounded 
closely by the tissue of the nucellus, and in its growth it absorbs 
the whole oi a good deal of the latter m some cases encroachmg 
even upon the substance of the integuments. Sometimes moie 
than one macro&poie is produced, but tins is unusual. Onl;> 
one comes to maturity in such cases. 

The oxule is either attached directly to the placenta, when 
it 18 said to be sess^le 436, g) , or indiieetlj b,^ a stalk 

called the funiculus, oi funicle {figs 418, ov^ and 440), when 
it IS desoiibed as stalked The pomt of attachment of the ovule 
to the placenta if sessile, or to the funiculus when stalked, is 
termed the lulum 

Some ovules, as those of the Mistletoe {fiq 466), consist 
simply of the nucellus, and embryo-sac, e, as above described, 
in which ease the nucellus is termed na\ed {fig 465) , but m 
almosTi all plants it becomes enclosed m one or two coats Thus, 
m the Walnut there is but one coat, winch appeals at hist as a 
little circular process around its base , this gradually mci eases 
in size, and by growung upwards ultimately foims a sheath or 
cellular coat to the nucellus, which it entirely closes except at 
the apex, where a small openmg may be always observed {fig. 
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467j end) The coat thus hametl, ^\ilele tlieie is but one, is 
called the zniequmentina stinjjlc.t ^ h , and the orifice, end^ at 
the aiiex of the nucellus, is teimedthe mio opijle oi foirfmen 
Besides the Walnut, theie is uulv one coat foimed m the 
Compositai, Fampanulaceje, Lfobohaee.e and some othei oidois 
In most plants, hoi^evei, the oMile has two coats, m which 
case we observe two euculai oi annular piocesses aiound the 
base ol the nucellus, the iniiei one bemf? fiist developed, these 
processes continue to ip.ow upwaids as before described, until 
the\ also ultimateU foini two sheaths or coats, winch entiiel\ 
enclose the nucellus except at its apev ( tiff 468) The innei 
coat IS at first seen to pioiect bej^ond the outei, but the lattei 
ultimately reaches and encloses it The innei coat is usually 
termed the secundine (tiffin 468, s, and 469, cl and the outei the 



riff 405 OMilt- Ol tliL (\(stuiu nVnnii) i oiiMstinu ot i luikol 

imcclhi-. I'lfj 460 Tlio onilc cut -vci tic illv to bhow tlic* tmbi \o 

'-a.c ( in tliG nucellus, i\ Pia J07 Ovulo oi tlit WXilnut < /lujlftiis i (tfitt ) 

n rioic'ctiuc? en<l ot the nucellus s Co it coMiin*^ the nucellus eveept 

at the toiamui, uu7 Fi<f 408 C>vuleo± i sj Lcicb ol PoJytfotiHm t Enil 

ot ovule whncit is itrachul to the placenta Piiimiic s Sccuiuliiic 
(“I Exobtoiuc cud Einlostoine u Piojectnii^ end ot the nucellus 


jJi I mine ; but some botanists, follow the oidei of development 
of the coats, teim the inner coat the ]?) imine^ and the outei the 
sec undine^ thus re^ eism^ the oidei of names as above mentioned 
Others, to i3revent confusion, moie piopeil^’- term the innei coat, 
Ol seeiindme, the intequmeninin huternum , and the outer coat, 
Ol primine, the intequmenium exfeinum The orifice left at 
the apev of the nucellus, as m the foimer instance where onl^ 
one coat IS present, is called the foiamenox micjojnjle The 
openings in the tw o coats commonl;^ correspond to each other, 
but it IS sometimes found convenient to distinguish them by 
distmcfc names , thus, that of the outer is called the exostonie 
{fig 468, ex) , that of the mnei, endostomc {end) 

The nuceUus and its coat oi coats are intimately connected 
at one point by a cellulo-vascuJar cord or layer, called the 
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cliaht a t, fT(j$ 470 cli, anfe 4ill^c7i) , but at the othei parts of the 
o%uile they aie moie oi less distinct This chala/a is the point 
iiherC the vessels pass fiom the placenta, oi %\heii the ovule ib 
stalked, fiom the funiculus into the ovule, for the puipose ot 
atfoidmg iiouiisliment to it , it ib genei ally indicated by being 
coloined, and of a denser tevture than the tissue b;v which it is 
suiiounded Thiough the miciop^de the pollen-tube usnall;^ 
leaches the embryo-sac, as will be hereafter fully described 

Relition of the Hilxjm, Ch\la.2;\, ani> Miorop^le to oxk 
ANOTHER — When an oiule is fiist developed, the point of union 
of Its coats and nucellus, called the chalaza, is at the base or 
hiimn, close to the placenta oi funiculus , m which case a 
stiaiglit line would pass fiom the mieroxi\le tlnough the avis of 


Fifx 4bU Fio 470 Fux 471 



Fff/ 100 Soction ot an oviilt ( <li igiamnnitie j ft Nueelliis 5 Euibiyo 
'lie L luiiei cotit (I Uiitei to it ( 3kIicropyIe / 01111x7*1 r/ Fmn 

coin's oi funiclc Fit/ 47i» Yci tical section ot the oithotiopoiis oruli 

oi Folutjotmm <7i Chala/a jfnm Pnmnie set t5r< uinliiic. « Nuctl 

lu'^ s Enilnyt) ''ac ?n Muro|)jlt Fitr 471 Ttitital section ot a 

oampylOtiopoU', ovule ot itheiKinthus) t Pnuienlus ch 

Clialazi fl Pnminc s "''Ct niHliiu n Nin cllus mit IMiciopjie 

the nueellub and its coats to the hihun In raie instances this 
relation of parts is pieserved tliioughont its development, as 
in the Polygonace^e (iiq 470) , i\hen the ovule is teimed ortho- 
tropons, atroi^oits^ or stratgltt In such an ovule, therefoie, the 
niicrox^yle, ■>;?, would be situated at its geometrical apex, oi at 
the end fai thest removed horn the hilum , while the chalaza, c7/, 
would be placed at its base 

It generally happens, however, that the ovule, instead of 
being straight as in the above instance, becomes moie oi loss 
curved, or even altogether inverted Thus m the Wallflowei 
{fig 471), and other plants of the older to which it belongs, as 
well as m the Caryophyllacese and many other plants, the apex 
of the ovule becomes gradually turned down'wards towards its 

VOL, I p 
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base, and is iiltimatel;v placed close to it, so that the whole 
nncellus is bent upon itself, and a line di aw n fi om the micropyle, 
711 Lc^ through the axis of the niicellns, and its coats, ^^oiild 
describe a ciiive , hence such o\iiles aie called camiiyloti opoiis oi 
cm ved. In these OMiles, the cbalaj'a, c//, and hilnm coiiesi)ond 
as in orthotropons ones, but the mieiop\le, mic, instead of being 
at the geometiical axiex of the o\iile, is bi ought down close to 
the hiluni oi base The jirogiessive CLe\ elopment of the campj lo- 
ti opons ovule IS well seen in the Mallow, as lepresented m.fig 
472, a, &, e, d This kind of ovule appeals to be formed by one 
side of the nncellus developing moie extensi\ely than the othei, 
cO that the niiciopjde is pushed lound to the base 

In a thud class of ovules the ielati\e position of parts is 
exactly the ie\erse of that of oithotiopous ones— hence such 
aie called anafropoiis oi %nveited ovules This aiises horn 


Fio 472. 



Fiff 472 The camp^lotiopous ovule ot tUe M lu it's diitcient stage', ol 
rtev elopment From Le Maout In a the cui\atnie is commencing, in b 
it IS moie ericlent, in c still moie maiked, ind m it is completed 
f Funieulns p Fiimine s Sccimdine n End ot uucellus (>v Exostome 
f>n(f Endostome 

greater growth on one side than the other, the body of 
the nncellus, however remaining straight It thus becomes 
completely mverted, so that the chalaza ( fiq 473, cli) is removed 
fiom the hilum, li^ to the geometiical apex of the oMile , the 
imciopyle, /, being at the same time turned towards the hilum, 
li In anatropous ovules a connection is always maintained 
between the cbalaza and the hilum by means of a vasculai cord oi 
ridge called the rajgdie {fig 473, r), which is the elongated funi- 
culus adheient to the ovule This laphe or cord of nutiiti\e 
vessels passing from the placenta oi funiculus, and by its expan- 
sion foimmg the chalaza, is generally situated m anatiopous 
ovules on the side which is turned towards the placenta oi 
funiculus Anatiopous ovules are very common, examples 
may be found m the Dandelion {fig 473), Apple, and Cucumber 
Besides the thiee kinds of ovules mentioned above, there is 
another kind more rarely met with which is intei mediate between 
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orthoti opens and anatiopons, to which the name of it} oj^oiis 

has been gn en In this ovule, which is also called hete? ott opous 
oi t)f(?isterse, the hilum,/, is on one side, and the miciopyle, 
and chalaza, c7^, are placed transversely to it 474}, and 

therefoie paiallel to the placenta In this case the hiliim is 
connected to the chalaza by a shoit raphe, 7 

The ovules aie commonly enclosed in an ovaiy 436), 

but all plants of the Conifeiae, Cycadacese, and allied orders 
aie exceptions to this , thus m some Cycadacese they aie situated 
on the margins of leaves in a pecuharly metamorphosed con- 
dition, and m the Conifeiae at the base of mdiirated bracts or 
open caipellary leaves (fif/ 475, ov) In consequence of this 
such plants are called Oi/mnospe? inotis , while those plants m 


Fig 473 



Fi(/ 47‘i Teitieal section of tlie anatiopous oMile of the I)'in<lelioii 7i 
Hiliim f Micropjle or foiamen w ISTucellus s Base ot the nucellub 

< /i Chalaza t Ilaphe Ftg 474 liongitndiiml section of the amphi- 

tiopous or tiansveitee ovule ot jC.f’wiyirt / Funiculu& n Nucellus- 

p Pnmine sec Secundiiie s Emlnyo-sac c/t Chala/a i Uaphe in 
Mifiopjlt, Fiom SUileidcn 


which the ovniles are distinctly enclosed in an ovary, are said 
to be Ang to 82767 771 ous. It should be noticed, howev^er, that there 
are some plants m which the seeds become partially naked m 
the course of the dev’-elopment of the ovary into the fruit, as m 
the Mignonette (fig 509), Leo7zHce, and Cujphea True Gymno- 
spermous plants, or those m which the ovmles are naked jBcom 
their earliest formation, should he carefully distinguished from 
these latter, as the former character is always associated with 
important structural pecuharities in the plants themselves, as 
we have already noticed Other important differences will also 
be deseriTbed hereafter. 

Number and Position of the Ovules — a Nu7nber , — The 
numbei of ovules m the ovary, or m each of its cells, varies 
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m diffeient plants Thus in the Pol^'gonaceai, Compositje, 
Thjmelacese, and Diji&aceiB, tlie ovai\ contains but a solitary 
ovule, in the Umbellifeicp and Aialiace^, theie is biA one 
o\ule ill each cell When theie is moie than one ovule in the 
ovar\, oi in each of its cells, the nnni])ei may be either few 
and easily counted, vheu the o\ules aie said to be definite^ 
as m JEscidus ( hn 480), — and the o-\aiy or cell is then desciibed 
as biovulatc^ f} lot uhite^ qztadt lomihite, qiiuiqueooidafe, &e , oi, 
the OMiles inaj be \eiy numeious, when they aie said to be 
midiioixdtde oi indefinite^ as in Ceiastmm {fiq 436, q) 

b Fosition — The jposition of the o\ule& vith legaid to the 
eaMt 3 or cell m vhich thev aie pLieed is also liable to vaiy 
Thus vhen tlioie is but one ovule, this maj^ aiise at the bottom 
of the o\ai 3 " oi cell and be directed ton aids the summit, as in 


Fio 475 



Fio 47t> 



Fm 475 Bract 01 caiijelLiiy lent, s<,ol a species ot Puius, bcaiiui^ h\o 

<jvule*i, or, at it's ba'^e mu INIicioinlt oi toiaincji Fiu 176 Vcitical 

facotion ot the fniit ot \ s]>et les ot Jlumt t { Polmioncut p Enlaiyul 
c il'^ a. sm 1 oiiinliu^ the liiiit The ±i uit coiitims a siiicfle erect oi thotiopou-^ 
see<l The po>,itiou of the o-viilc iii theovai\ is also (U*scri])e(l as eiect <ui<l 
oithotiopou«i Tile embi \ o is mveitccl oi antitiopoiisa 


Composite and Polygonaceie {fiq 476), vhen it is said to be 
e'lcct , 01 it ma^ bo mseited at the summit of the o\aiy and be 
turned dow-nvaids, as in Hijp^pui is {fiq 4:11)^ in which case it is 
inveysc oi ^enduulous , oi if it is attached a little above the base, 
and directed obliquely upwaids as m Paizetaiia (fiq 478), it is 
ascendinq , or if, on the contrary, it aiises a little belo^v the 
summit and is diiected obliquely do wn%\ aids, asm the Mezeieon 
(fiq 479) and Apiicot, it is suspended , oi if fiom the side of the 
o\aiv, vithout tuininq upvaids or dovnwaids, as in Ciasstdu, 
it IS Jiort rental oi peltate In some plants, as in Anne? m (fiq 
440), the OMile is suspended fiom the end of a long funiculus 
aiising h.*om the base of the ovary , such an ovule is frequently 
teimed ^ alinatc 
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In tile tiliO\c cases the position of the OMile is m geneial 
constant, and hence this chaiactei is ±ietjiientl\ uf much impoi- 
tanca m distinguishing geneia, and e\en natmal oideis Thus, 
ni the Composi tee the solitary ovule IS al\\a\s eiect , while in the 
allied oideis, the \ aleiianaceje and Dipsacece, it is suspended 
oi i>endulous ; — the two lattei terms aie fiequentl;y used ni- 
ditteienth by botanists In the Polygunace.e 476), the 

ovule, wdiich spiings lioin the axis, is also alwa;>s sohtaiy and 
elect, and ui the Th^melaceae {pg 479) it is suspended In 
otliei natuial oideis we find the position vaijmg m ditteient 
geneia although genei ally constant in the same, thus, m the 


Fd. 477 Ficr 478 Fi<r 470 Ficr 480 



477 Tciticn.1 oection of the oi iiv of the MaieV Tail iw7- 

i*ansy o OMik* i\hKh i>a lUi U'»c oi i)cu<lul<)U'i, aurl anatiopous» s IDibe 

ol tlic '-tile f I UHiculus t H ii*he r Oli.ilizi 47b Vcitical 

'.LCtn>u ol th< (iTiiv ot tliG Pcllitoiv iP<n hftt? Ill ojfti uiaJis')^ i\iTh a siio^le 
I'-eeniliiiG: ovuh The lettoishxvc the Mine ioteiciiCL“, asm theli'-t fieuic 
I Uf 479 'Vcitu il section <»t theoiaii ot the ^Mc/Pieon (baplmo -1/c#- 
/ K out nniiui i solitai v siispeiifltfl onilo The lottei s 3 etci is hctoic 
Fnnii Jussieu l&U Vcitit al section of 1 1 ell ot the o\ar;> ot a spe- 

cies ot UseuXu'^ cuiitaiiuuq ti\o ovule ", o, <jiie ot i\hicli is ascciuliuij ami 
the othei suspnulcd m, m The iniciopik oi toiamcii in the two ovules 
\ B.isi* ot the st\lc Fioin JiisMrii 

Bosacec-e, the geneia Gnini^ Althcnulla^ and othei s, ha\e an 
ascendmg ovule, while those of Potet iu7n, Sangaiso} ha, &c , ha\ e 
it suspended, and in Potentvlla both ascending and suspended 
oMiles are found In the Banunenlacefe also we find tlie ovule 
var>mg m like mannei as 1 eg aids its position 

We will now consider the position of the ovules when their 
number is more than one When the ovary or cell has two 
o\Tiles, these may be either placed side by side at the same level 
and have the same diiection, as in Pfuifallia , when they aie said 
to be collate) al , or they ma;;^ be placed at difierent heights, and 
then they may either follow the same direction, when they aie 
huixey posed , or one o\ulo may be ascending and the othei sus- 
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pended, as in ZElsculiis {fig, 480) The position of the ovules in 
those cases where they are in definite numbeis, is also usually 
constant and regular, and similar terms are employed p, but 
when the numbei of o\uiles in the ovaiy or cell is mdefimte, the 
lelations are less constant, and depend in a great measure upon 
the shape of the cell and the size of the placentas Thus in the 
long ovaries of many oi the Leguminosse and Cruciferse {fig 418), 
the ovules are supei posed, and by not crowdmg each other they 
will all be turned in the same dnection, if, on the contrary, 
the ovules aie numerous, and developed in a small space, they 
will neeessaril3’ press agamst each other, and acqune iiiegular 
forms and vaiymg positions, accoidmg to the direction of the 
piessuie. In desciibmg these varying positions the same teims 
are used as those refeired to when speaking of the relations of 
the sohtary ovule These teims aie also applied in the same 
sense to the relations of the seed m the pericarp 


Section III 

REPRODUCTIVE ORGANS OP THE GAMETOPHYTE 

We have seen that, besides the in eduction of spores, plants 
beai also lepioducti've cells which are incapable by themselves 
of giving use to a new individual, but which do so after coales- 
cence in pans. These cells aie hence termed sevual cells, or 
gametes They ne\er arise on the spoiophyte, but on the 
other foim, the gametophyte The lattei, m some of the Algte 
and Fungi, bears spores as well, whose structure and mode 
of origin present no features different from those already de- 
scribed. 


The Gametes 

The gametes show a great deal of variety of form, size, and 
degree of differentiation In the lowliest Algae they are not very 
different m appeal ance fiom the zoospores which the same plants 
produce, and aie liberated m large numbers fiom the cells where 
they originate {fig 481) They aie somewhat peai -shaped masses 
of protoplasm without any protective coat, and furnished with 
two long tails or flagella of protoplasm, which spring from the 
narrow end of each mass By means of these they are capable 
of movement m the water in which the plants exist There is 
no difference between the gametes of such plants, which are 
c onsequently called ^sogainous In certain other isogamous Algae 
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Jiff 482 » the gamete^? are produced singly ui each cell, and aie 
then of greatei dimensions, and are not furnished with Hagella. 
Thes# aie not disehaiged into the w-atei, as aie the flagellate ones 
The body aiising fiom the fusion of the gametes of isogamous 
plants IS called a ^i/go- 

spoie 01 '-.yr/ote Fig 481 

In others of the 


Alga the gametes be- 
gin to show a greater 
degiee of differentia- 
tion In Cufleiia tliev 
aie of two sizes, the^ 
all swim about on 
their being libeiated 
from the plant, but the 
larger soon come to 
lest, wdiile the smaller 
mamtain their powder 



sr 


I'ltf 4S1 Pait of ifalamcnt of Ulothi 1 1 fiom \\ Inch 
the gametes, gr, aie escaping* ff' Fiee gamete 
(/ , g Gametes conjugating 


of motion much longei 

The smaller aie held, therefore, to be male, and the larger female. 


Plants writh such gametes aie called lietei ogainous 


In the lowliest Fungi, such as Muco?, we have gametes pio- 


Fig. 482 



jFig 482 Couiiigation in fipi? ogt/fft Two filaments aie lying bide by side, 
and from cells opposite to each otliea. protuberances are gi owing out to 
meet <7^^ Eacli pioduces a gamete, & When the pi otuberauces have 
met and fused, one gamete passes over and unites with the other, c 
d Adult 7ygo&poie 


duced in special branches of the mycelium (Jig 483) These are 
undifferentiated masses of protoplasm which are never set j&ee, 
but coalesce m consequence of the fusion of the cells in which 
they are formed 
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In jplants winch are higher 
y,e find two kinds of gametes 


Pig 481 



rif/ 183 Coning itioii in Jltuot Mu 
Ltdo h T\\o liyplioD Inue 

come into contact at then apiues, 
and each has cat ofl. fioin itself a 
cell n/r/ Zygospore lesulting fiom 
the fusion ot these cells Adult 

/^gospoie alter geimiuation p 
Pjomicelium beaiing a spoiangium 

Pj 


m the scale than those mentioned 
distinctly recognisable, which aie 
tiuly male and female >s the 
habits ol life of these plants show 
so much duel SI ty, we find a 
good deal of cliffeience of struc- 
tme of the gametes, which can 
be traced to the emuonment 
and mode of life of the plants 
which iirodiice them 

The male gamete m the 
Cryptogams winch li\e iindei 
such conditions that the coales- 
cence of the sexual cells is 
bi ought about through the me- 
dium of w atei , IS genei ally a fi ee- 
swnmnmg jyiece of protoplasm, 
furnished with cilia or flagella 
like those of the gametes of iso- 
gamous plants The shape is 
usually elavate oi filamcntons, 
and with very few excei^tions 
these gametes have no cell- wall 
They ai e know n as an iheror.o%d^ 
In most Bed Seaweeds they have 
no cilia, and become clothed with 
a cell-wall aftei then liberation 
fiom the gametoxihyte In cei- 
tam of the Fungi, especially the 
^Lichens, similai bodies occui, 

1 484 


-A. B 



484 A Autlieio'oid^ of Moss t X B Autlieio/oids ot Feiu t x7l)l)) 


which always have a cell- wall Both these are fiequently called 
sjpermatia^ to distinguish them from the motile forms There is 
some doubt as to the tiue nature of the speimatia in the latter 
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* 4 ioup inan\ botanists melinmg to the \ie%\ that they die spoies, 
and not gametes 

'Shronghoiit the gioups of the Mosse^ and Vasculai Ci^^ijto- 
gauis the ciliated antheiozoid is ahiavs found {-ftrj 484) 

In othei foims, in %\hich the coalescence does not take place 
b\ means ot -watei, the ditfeientiation of the male gamete is 
much less maiked It is only a mass, usuallv of \ei;\ small size, 
ot iindiffeientiated piotoplasm It never escapes horn the seat 
ot Its formation until conditions aie such as to enable it at once 

Pig 4.s3 



Fiij 485 A Biauched mycelium of Cy>fopu6 with younq oogouia, oy, off 
B Portion ot mvceliuui boiriiig oo§onmm, \\ itli the ootopheic, , and 
aiithendmm oi pollinodiuni, an <' Matuie oogonium, with the 
oospore d Matuie oospoie i-, i’ Formation ot swaim-bpoiess oi /oo- 
spores, G, fiom the oospores i Protruded eudospore Attex Be Baxy 

to coalesce with the female gamete This form is found m many 
Fungi, such as Cy stories, and, at the other end of the scale, in 
the flowering plants It is always naked, never having a cell- 
tv all apart fl:om that of the cell m which it is foiined (fig 485). 

The female gamete does not show so much variation Its 
typical foim is that of an oval or spherical mass of protoplasm, 
without cell- wall or cilia, and it is termed an oosgfiiey e It may 
escape horn the gametoi^hyte, as in Fiucus (figs 491 and 492), oi 
It ma,\ remain wheie it is foimecl, and become fused there with 
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the male gamete which reaches it in canons ways, as already 
described. In the Bed Seaweeds it is not differentiated at any 
time 

The process of coalescence of differentiated dissimilai gametes 
IS known as feytilisatioh^ and the pioduct is termed an oos 2 JOie 
The same name is apphed to the pioce&s in the Bed Seaweeds, 
where no differentiated oospore results 


The Gametanqia 

AS the stiuctuies in which the spores are iiroducedare called 
geneially siioiangia, so the term gametanq%a may be applied to 
those bodies m which the gametes are formed 

In isogamous jdants the gametangia, hke the gametes, are 
like each othei In the iilants mentioned abo\ e the gametan- 
gium is a single cell of the filament, showing no difference from 
any of the other cells Sometimes the contents of the gametan- 
gmm divide up into a large number of gametes i^fiq 481) , in 
other cases the whole of its protoplasm becomes rounded into 
a smgle one {fig* 482) 

A similar absence of differentiation marks the gametangia of 
some of the heteiogamous forms Usually, howe^ er, those which 
give rise to anther ozoids aie very different from those which pro- 
duce oospheies. The former are geneiall^v called anthei%d%a^ 
the latter oogoma or a7 cliegonia, the last-named being the most 
complex m structure 

The anther idium is usually a somewhat ovoid body, composed 
of several cells, it is often stalked, and m some cases furnished 
with a kind of lid In Chai a it is globular and of very complex 
structure In the lower plants it is unicellular m many cases, 
and may then only produce a smgle anther ozoid. In certain of 
the Fungi it takes the form of a somewhat club-shaped branch 
of the mycelium, and is called b, jpollvtiodzicm {fiq 485, an). In 
Salvmia it is the a^iex of a tube-like outgrowth ftom the inicio- 
spoie In the Phanerogams, where again the gametophyte 
sjpringmg from the miciospore is a long tubular outgrowth, the 
anther idixim is not differentiated 

The gametangium producmgthe oospheres maybe either an 
oogonium oi an aichegonium The ioiiner is unicellular, and 
sometimes, as m Volvo j, hardly distinguishable from any other 
cell of the idant. In other cases it is an ovoid or spherical body, 
often mounted on a stalk It usually produces one oosphere, and 
this lemarns in it till fertilisation In Facua (figs 489-492) it 
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contains eisrlit oo&pbeies, wbicli are leleased b;\ a iiipture of tbe 
oogonium 'VAall, and come in contact vrith tbe anthero^oids alter 
tbeii escape In CJiata ( fiff 486, s; tbe oogonium is suirouncled 
bv an im e&tment of cells '^bicb enclose it, excej)! at tbe apex 
In i')lants abo^e tbe Tballopbytes tbe gametangium is an 
aichegonium It is mill tic ellulai, and consists of a swollen basal 

portion contammg tbe oospbeie, and surmounted by a neck oi 

Fio 480 Fio 487 



^it/ 486 A Poition of tlie axis of (*haia 
StagiJn s ITuGuleoi oogonium a G-lobiile 
oi antheridiura h Interuode t Grow n or 
coiona of niioule /S Aboitive leases /3', 
Sterile leaflets B Nucule, and a, 
globule, both in an eaily stage ot develop- 
ment w Nodal cell of leaf u Union cell 
bet-ween it and basal node ot globule X 
Oavity of intcinode of leaf h> Cells of leaf 

covered with cortex Aftei Sacha Fi*j 

187 A portion of a fllament, of jig 4S8, 
in the cdls of which the antlierozoids aie 
developed , witli a 3-ciliated antherozo%d bv 

its side Fiq 485 A globule cut in halt 

to show the oblong cells or manubiia, t, «ind 
the septate flLiments, jil Attei Henfre^ 



narrow portion, tb© length of which varies in diEerent groups of 
plants (Jig- 493) 

A good deal of difference in completeness of ditfeientiation 
of the gametangium is found m different groups Its reduction 
reaches its greatest extent mtbe Angiosperms, where tbe aicbe- 
gonium IS apparently unrepresented, or represented only by 
the oospbeie, the lattei bemg one of the few cells to which tbe 
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gainetophj te is i educed, all of which he ni the inside ot the 
maciospoie In such Fungi as possess an oogonium 

Fiit 489 



Fuf 48*1 Xerti*-*!! section ot a Idiialc coiiceptT.cle ot Fitti/s vrmci/lown 

eontamiiiy oosyoiua ainl p iraphyses Aultei Tlmirt Fiff 401) 

Atitheiidia, u, n, on the bianclied hins ot the male conccptacle 

Aftcj Tluiret FiO 101 Oogonuim -witu the oosphoios fully sepaiatod, 

rLiid (li sen paging tlieinseUcs from their covet mgs Altei Tlmiet 

Fiff 402 All oospheie without a. cellulose coat being feitihsed b> aiithe- 
lozoids so as to foiin an oospoie 


485, og) it is much i educed, and consists only of a swollen head 
at the end of a special biaiich, fiom which both oogoninm and 
X)ollmodium arise 
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In the Red Sea\\eeds tlie female oi^an, as we ha^e seen, 
contains no difleientiated oosplieie It is a niiicellnlai oi iniilti- 
cell#lcn fatiuetiue known as pto<aijp [fig 494), and consists 
ot a sliglith swollen basal poition, piolonged npwaids into 
.1 filament called the t} iclior/ijne, which is the pait which fuses 
with the siieimatmm in feitilisatxon The piocaip does not 
o]ien like an ordinal v gametanginni, but when the speimatium 
comes into contact with the tiiclio«>yne, the paits of the cell- 
walls which aie touching become absoibed, and the contents 
of the speimatium pass into the piocaip thiough the opening 

Fi(. 49 3 Flu 494 



A somewhat similar arrangement is desciibed foi certain of the 
Fungi, where it is called an auliicaip 

The position of the gametangia vanes in different plants ; in 
some thej’ may occur on any pait of the plant body, which gives 
no indication of special difierentiation w?‘ith a view to their 
oceurience , m others, paiticularly those where the gametopli^te 
shows complexity of structure, thej aie confined to paiticular 
portions which are modified m a way which suggests the 
spoiophore oi mflorescence of the differentiated sporophyte The 
greatest specialisation is shown in the group) of the thalloid Liver- 
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worts {figs. 495 and 496), where both antheiidia and archegonia 
are borne upon special eiect branches of the thallus These difter 
in form the anthendial i eceptacle is a body w ith a flattened Lead, 
on the uppei suiface of which the antheiidia aie placed in nariow 
pit -like depressions , the archegoma occur on the under side 
of a similar vertical receptacle, which shows ladiatmg nb-like 
blanches spieadmg out fiom the avis The archegoma are heie 
smu ounded by modified leaves eonstitutmg the pei ^chceti iiin A 
less e''. ident specialisation is seen in the Mosses and Feins Gene- 
rally in the foimei, both antheiidia and aiehegonia occupy the 
summit of special leaf-ci owned blanches, and aie stui ounded by 
hairs of cmious foim known as {fig 497) In the 

latter the sexual oigans are generally confined to a thickened 


Fig 495 


Fig 496 



portion of the piothallium, extending centially along the under 
side and kno^n as the cushion 

In the best differ entiated of the Algee, the gametangia are 
foliar in then origin, and are borne upon special leaves In 
Fucus and its aUies, m which the plant body is athalloid shoot, 
there are special terminal collections of them, each bemg formed 
of a number of almost closed depressions or pits, known as cotz- 
cejpiacles {figs 5 and 489) In some species each conceptacle 
contains both antheiidia and archegoma, m others only one of 
the two 

In conseq[uence of the generally slight morphological differen- 
tiation of the gametoiih^’te as compaied with the sporophyte, we 
find a somewhat different distiibution of the reproductive organs 
111 the two cases. As we have seen, the sporangia are usually 
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boine Tipon leaves tv Inch may be lii^hlv specialised or ma^ be 
almost indistmguishable fiom the foliage leases. The ocem- 
rencT! of a?i.ial spoiangia is much less common, though, as we haT e 
seen it is met vith in many Ter;^ diverse gioups On the other 
hand, the gametangia aie much moie geneially axial in origm, 
laiel^T being found on leases, and then on those Tvhich aie not 
highly speciahsed 

The gainetophjte is seen most j>rominentl;v in the lowei forms, 
diminishing in size and degiee of diffeientiation as ve ascend 
the scale The spuiopliTte occuis with a certain mteimittence 


Fm 107 



Fuf 4^7 Apc'^ of feitile sboot of {Pulutnc7nn)i') bLaiinar antheiidia, 

ant, and p.n aphy«5es, I Leaves ot tlie '^Ijoot 

in the lowei forms, is of about the same dimensions as the 
gametophyte in the Mosses, and above this group assumes a 
preponderance and becomes the conspicuous foim of the plant, 
while the gametophyte dwindles almost to the point of suppies- 
sion 

In the Algae the gametophyte may be filiform, or take the 
foim of a plate of cells, or assume lai'ge dimensions, showing 
much moiphological differentiation Often in this gronp the 
siioiophyte cannot be recognised at all "Where spores {gontdia) 
occur they aie generally developed upon the gametophyte. The 
sporophyte is lepresented by the so-called fruit or cystocarp m 
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the Bed Seaweeds, and m some of the Chloioph^xeae {Colco 
clicete) by a small multicelhilai bod^ developed fiom the oospoie, 
the cells of which all gi\e use to zoospoies 

In the Fimgi the garnet opliyte is alv a'^ s the inominent foim 
It beais both spores and gametes, but the lattei in some cases 
are not functional The parasitic habit of life ot so many of 
these plants is attended h\ a geneial degradation ot both form 
and stiuctuie, which especiall;^ inaiks the ieproducti\e oigans 
In some cases the production of sexual cells by the gametophvte 
has disappeaied Such a gainetoxih^ te is called ][}oiential one 
Its tine natuie can only be lecogmsed b^ a compaiison witli 
othei foims which bear both kmds ot lepioductne cells The 
spoiophyte can be seen in such foims as iLTifco? ( i\(j 48d), where 
the zygospoie produces a small promycelmm on germination, 
and doubtiuUy in ceitam Aseom;v cetes, wdieie it may be lepie- 
sented by the aseocaip A \ eiy ludiinentaiv condition of it is 
shown bjr Cijstojpus {fig 485), where the oospoie xDiodnees a 
numbei of zoospoies aftei a peiiod of rest 

In the Mosses and then allies the gametoiihyte is still the 
liromment form, the sporophyte bemg lepresented by the 
complex sipoiogomuni Above the gioup of the Thalloph^ta, 
the nature of an;;^ phase of the plant bod,\ can be lecognised b\ 
tiaemg its origin The gametophjte is always the inoduct of 
the geimination of the s^iore, and where it has uiideigone much 
1 eduction, this is the only clue to its identity In the senes of 
foims above the Ferns it giadually becomes moie and more 
closely attached to the vSX)oie, ultimately being altogethei enclosed 
in it 

As heterosx)ory becomes more and moi e prominent, the foim 
of the gametox)hyte vanes, that produced fiom the miciospoie 
being the most reduced 

In the isosporous oi honios]roious Ferns and in the Horsetails 
the gametopiiyte is alwa\s thalloid In the foimei gioup each 
gametophvte usuallv pioduces both aiclregonia and anthendia , 
in the latter it generally gi^es rise to one or the other, but not to 
both We have thus iii the Horsetails potential though not actual 
heterospory. In the heteiospoious Feins the relative develoji- 
inent of the tw^o forms of gametophyte becomes unequal, and 
this difference may be seen throughout the higher jplants In 
Salvinia and m the Phanerogams the male gametophyte is a 
small tubular sti ncture, produced by the outgrow'th of the iiinei 
coat of the spore In Salvuiia it forms two cells at its apex, 
each gi'v ing rise to two antherozoids , in the Phanerogams e^ en 
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this ditteientiation clisapj^eai s In Maisilra and Selngmellu^ 
the microspoie "ives ii^e to a ‘?mall ‘^oinew hat o\al bodv winch 
prodttees antlieiozoids m its internal cells 

'The female ttametophyte shows a giadual degen eiation In 
Snlvinia, the maeiospore buists at its apex ( fig 498), and the pio- 
tliallmm piotindes as a cniiouslv shaped gieen body, the gi eater 
pait ot which lemams within the spoie. The free part beais the 
aichegoma In Selarjuiclla 

and isoefes the development Pit, 498 


IS still moie maikedly endo- 
spoious The xirothaUinm is 
developed inside the macio- 
spore (fig 499), wdnch does 
not open till the foimer is 
well advanced , in some cases, 
indeed, until the archegonia 
are mature and the oospheie 
leady for feitilisation In the 
Phanei ogams themaeiospoie 
IS ne\er exposed and the pio- 
thallium oi gametox)h;^te is 
therefoie always comiiletely 
internal. In the G;^nino- 
sperms ( fig 500) it still con- 
sists of a large numbei of cells, 
and forms the tissue known 
as the endobj)eim In the 
Angiosperms the i eduction is 
still more com^ilete When 
the gametophyte is matuio, 
it consists of only a few cells 
oi masses ofxirotoplasm, some 
of which have no cell-wall 
(fig> 501). In tho Gyiuno- 



108 Gametophyte piodiiced by the 
miciospore of p7o Prothallium 

beaiiug ft, young si)oxopli\te After 
Pniig’shcim 


sperms the archegonia aie 

well developed, and are much like those of Selagmella In the 
Angiosperms there is no arcliegonmin, and the oosj)heie lies free 
in the ca\ity of the spore ( fig 501, oos), being haidly distmguisli- 
able from the other cells wdiich are near it. After fertilisation in 


these plants, the gametophyte undeigoes a further development, 
the cavity of the spore becoming filled by a tissue beaiing the 
name of endosjyeym This is, however, hardly moiphologic ally 
comparable to the tissue beaimg the same name in the Gvmno- 


I 
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fepei ms, which is de\ eloped before diffei’entiation of the sevnal 
cells, and mIiicIi is moiphologie ally the same structme as the 
piothallmm of the highei Cryptogams 

In the lowei forms the sjioiophy te is alwa.'v s m its oiigination 
attached to the gametoxihy te, and continues to be so as long as 
tlie latter persists The s}ioie is, honey er, al way’s detached fiom 
the spoiophyte hefoie geimination This is not the case m the 
Phanerogams, nheie fiom the mode ot its develojiment the 
maci ospoi e aln ayys i emains m the sporangium The mic i osx>oi e 
in these plants is on the other hand ahvays set fiee 


Fio 40i) 



Ftfj Germination of maciobpoie of fijlatjiutUa Aftri Pfeffci 

(tuh Aichegoinum em,em^ Yoimgr embi^os 

These xieculiaiities lead to two methods of fei tilisation which 
aie charactei istic of the several groups Where the spore pro- 
duces the gametoipliy’te after libeiation from tlie sporangium, 
fertilisation takes place by a fiee-swimming antlierozoid making 
its n ay to an archegonium, down the neck of w Inch it passes to 
the oosphere. Wheie the macrospoie remains attached to the 
plant its piothallium is inaccessible to antherozoids, and these 
are not developed The microspoie is carried by y^arions agencies 
to the tissue either of the macrosiioiangmm itself as in the 
Gymnosperms, or to the siiorojiliyll (jiistil) which bears the 
macrosporangium (ovule) as in the Angiospexms The prothal- 
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Imm i>riMlncctl iiom the niiciospoie, which we liavi* seen ic. a 
lont? tuhiilai outflow th known as the pollen tube, buies its w"a\ 
tlnonirli the tissue on which it fintls itself and makes itswaj into 
the mteiua ot the maciospoie, now contaamiii? its £fametoph^te 
( fjtfs 500 ami 501, t ) The male £?amete fuses w ith the oospheie, 
w hic li tlien (le\ elops into the j onnfif siioi oph\ te The lattei aftei 
a shoit peiiodof aetiie giowtli becomes qmeseent and lemains 
insidr the spoie for a consideiable period The maciospoiangmm 

Fi< :00 Fici 501 



Fifj 500 JMaciospoiangmm (o\ ale; of Ftnus at matui it\ AftPi Do lei Port 
mar Maciospoic ^?irl (Tametophjte n piothalliiim nfth AichegoDiA 
j> q PollGU-graiii oi mif*rosi)oie, ^^hlcb.llas been trauspoitcfl to TlJ:e mioio- 
P’Vleoltlie ovule and lias put out its prothalUum, the pollen-tube, pt 
Fiq 501 Lracrospoiciuafiuni (ovule) ot an Vn^iospeim mat, Macro«%pore 
oos OospheiG pt Pollcn-tubo 

now contains the gametoph^te and the young sporophyte to 
which the latter has given use, and constitutes the body which 
is called the seed No further de\ elopiiient takes place until the 
latter becomes detached from the parent sporoph;vte 

It IS evident from the history of development that only such 
plants can produce seeds as have all the stages of the life of the 
gametophyte carried out while the latter is attached to the 
pai ent sporophj te 

Q 2 
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CHAPTEB III 

AIOEPHOLOG’i OF THF FRUIT AND SFKD 

The Fruit 

The act of feitilisation not only &timulates the ftiither 
development of the oobphere, but bungs about changes in othei 
parts The gametoph;yte in the Angiospeims as ve ha^e seen 
undergoes changes, leading to the foimation of the endosjieini ; 
the tissue of that part of the sporoph;y te m which it is embedded 
is also modified in \ arious v ays, especially , though not e\clu- 
sively, the spoiophyll or carpel in winch the macrospoiangium 
is found. The structures lesulting horn this de\elopment form 
■what IS known as the/? 

Fruits, though esiiecially ehaiacteii&tic of the Phanei ogams, 
aie not confined to them, but the term may be extended to 
include such forms as the eystocaips of some of the Bed Sea- 
weeds, in whiehthe w^all of the stiucture is deiued fiom certain 
cells which are m the immediate neighbouiliood of the sexual 
gamete Btidimenfcaiy foims of fiuit may also be lecognised in 
the Mosses 

It is, how'ever, m the giotip of the Phanerogams that we find 
the greatest vaiiety of fiuit, which we must now examine in 
some detail. 

Changes in the Pistil dm mg the Develoinnent of the Fruit 

The fruit being generally the ovary aftei a certain amount 
of development oi alteration, should coi respond with the latter 
in its structure This is often the case, and the flint consists of 
the same parts as the ovaiy, only in a modified condition , thus, 
the walls of the ovary commonly alter in texture, and either 
become dry, membranous, coiiaceous, woody, &c , or, on the 
central y, more oi less pulpy, fleshy, &c 

At other times more impoitanfc changes take place during 
the ripening of the ovary which disguise the real structure ot 



MORPHOLOGY OF THE FRUIT AND SEED -229 


the huit. The':.e chantjes either aiise liom the aildition, abor- 
tion, or alteiation of pait-s. 

The addition of i3ait<3 is eouunonl\ piodaeed bv the 
formation ot the spiuious dissepiments ahead\ alluded to In 
Datma St) tunonnim^ for instance, have a tN\o-celled ovai^ 
conveited into an nnpeifectlv foni -celled finit bj the foiination 
of a spmious \eitical dissepiment {pfjh 419 and 420), this 
dissepiment appeals to be formed bv the projection of the 
placentas on the two sides which meet and become united to 
coriesiDondmg piojections fiom the dorsal sutuies In Cassia 
Fistula, again {fit/ 417), and some othei fruits of a similar 



Fiy 502 Ticin^veise tcction ot tlic tiuit ot Pntita aHf/uehut uu liom 

Liudlfc\ Fitj 50J A vertical settiou ot a ceU ot tlie ovaiy of Tf ibuht', 

o, o, o Ovules i Pjoiectioii'i liom the wall -wiricli are com- 

menciug to ‘^ciuirate tlie ovules Fvt 504 A -v eitical bectxou ot a cell ot 

the matuic o\Ary oi liTut ot the same, in wlmli tlie partitions, <, eom- 
plLtel> sepaiate the secdfc., — I t<j 505 iNoudocaip ot the Stiaw bei i \ 


nature, we lia\e a one-celled o\ary cuii\eited into a many 
celled Iruit b> the formation of a numbei of tians\erse dissepi- 
ments In Pi eti ea .sanguehai ica, a one-celled o\ aiy is com erted 
into a siA-celled fruit {fig* 502}, by an extension and doubling 
inwards of the placenta In Tiibiilus ierresti is the ox ary is 
five-celled , but as it a^Dpi caches to maturity, each cell (figs 503 
and 504) becomes divided into as many divisions as there are 
seeds contained within it, in consequence of a corresponding 
number of projections from its xialls. Other examples of the 
formation of spurious dissepiments producing changes in the 
oxaiy ha\e been already mentioned (see pages 188 and 189). 
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2nd Other alteiationb aie piodiiced b\ the aboition or ob- 
literation of parts, as the oraiy ripens Thus the o\ai\ ot the 
Oak and Ha^el consists ot thiee cells, each ot r\liich cOiitams 
two OMiles, but the truit has only one cell and one seed, so that 
in the coiuse of de\elopment fi\e OMiles and one cell hcl^e 
become obliterated In the Bn eh w^e have an o\aiy with two 
cells, containing one o\ule in each, but the fruit is one-celled 
and one-seeded, so that here one cell and one or ule have become 
obliterated In the Ash, Hoisecliestnnt, Elm, and many other 
plants, similar changes aie produced in the matuied oraiy by 
the aboition oi obliteiation ot certain parts 

Bid Other changes are caused in the o\ a3;v as it pioceeds to 
matuiitr, in consequence ot the alteration ot jiaits, as, tor 
instance, from a great development ot succulent parenchyma 
Tins IS associated also with changes in the contents of the cells 
ot the parenchyma, which become charged with sugar, vegetable 
acids, and ranous tlavouimg matters, giring its peculiar cha- 
racter to each fruit. The pulp of the Guava, Gooseberiy, 
Tomato, and some other fiuits, m which the seeds aie imbedded, 
appears to be produced from the placentas, and that of the 
Orange is of a similar natuie 

Although the fruit may thus be desciibcd as consisting 
essentially ot the matme ovary or oral res, other parts of the 
florrei are also hequently present, and enter into its composi- 
tion Thus, m those cases wheie the calyx oi leceptacular 
tube IS adherent to the or ary, as in the Apple, Quince (A<y 299}, 
Pear, Melon, and Goosebeiiy, it necessaiiiy forms a pait ot the 
fruit; m the Bose the concare thalamus (fie/ 2H0, f , f ), rvhich 
hears the carpels on its inner surface, and the adherent calyx- 
tube, cf, become a portion ot the liuit , m the Stiarrbeiir ( fir/ 
oOo), the fiuit consists ot the succulent hemispherical thalamus, 
beaiing the caipels on its com ex surface, m the Acoin (f^r/ 
19B), Hazel-nut ( fiq 199), and Filbeit, it consists of pistil, cal;v^^ 
and biacts, combined togetliei , rvhile m the Pineapple ( /z(/ 167), 
it IS toimed of the oraiies, tioial enr elopes, and bracts ot several 
tlorrers, in the Fig also ( fi(j 204) rve have a fimt pioduced h-^ a 
nmnbei of separate tioweis enclosed in a hollorr tieshr receptacle 
These examples, and a iiumbei ot otheis which might he alluded 
to, will show, that although the fruit consists essentially ot the 
mature ovary or oral res, enclosing the fertilised ovules or seeds, 
yet the term is also applied to whatevei is combined with the 
ovary, so as to form a coveiing to the seed or seeds All fruits 
which are not formed entirely out of the fertilised pistil, but which 
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consibt lu p.iit ut utliei poitioiis ol tbeflo^ei peduncle, oi otliei 
paits, aie now commonly teimecl ft mis oi jjscudoffnjJb 

G»NKBVii CH^K^oTi^Rs OF THfc Fruit — T he stiuctiue ot the 
iiuit lesembliiig in all impoitant paiticnlais that ot the omii\, 
the modilicationfa which it piesents, as to composition, position, 
&c , aie desciibed similai terms Thus we may ha\e simjflo 
Ol monocaipellai;\ and comitound oi xiol\ caiiiellai v hints, as 
also apu( in pans and &ifn< tajfous ones Snnple hints, like 
simple o\anes, aie nolmall^ ojie^cellerJ oi umlociila}*, wlnle a 
poLcaipellaiy flint maj lia\e one oi more cells, according as 
the dissepiments aie absent oi piesent, and the nnmbei of cells 
IS indicated similai teims to those used when speakmgof the 
compound orary (j^age 18 b) 

The flint like the OYai\, necessarily possesses a pLieenta, 
to winch the seeds ai’e attached , and the same terms are 
used in deseiibmg the diffeient kinds ot placentation, as with 
those of the o\ai,\ ; these kinds aie usually inoie OMdent in the 
fiuit 

The fimt, again, is dcsciibed as snj>c}io} or lu/oioj, in the 
same sense as these teims aie used in speaking ut the oi aiy 
Thus a flint is mfeiior when it is toiined fiom an mfeiioi ovai\ , 
asm the Melon Apple, Pear, and Qumce {/?</. 299), oi it ib 
suiierior, as m the Mignonette {Jirj 509) and Pea (Ji(/ 512), when 
the o\ ar'v i& supeiioi, and the cal:v\. non adherent Infeiioi fruits 
should be classed with iiseudocaips, as they mcliide x^aits of 
other stiuctuies than the pistil. Thej sue geneially, however, 
leckoned among tiue hints. 

The base of the hint is that point by w'hich it is umted to 
the thalamus , the ajjcr is indicated by the attachment ot the 
style, hence m those o\aiies where the style is lateial oi basilar, 
asm many Rosacede {fig& 441 and 442), Labiatce ( firjr 412), and 
Roiagmaeea* ific/ 413), the oigamc apex of the hint wall be also 
thus situated, so that the geometrical and oigaiiic apices wall 
then he \eiy diffeient 

Composition of the Fruit — The fruit when peifectly 
formed consists of two paits , namely, toa>jpy and the seed 

or seeds contained within it In the majority of cases, when the 
seeds aie aboitive the peiicarp witheis, and the fruit does not 
iipen. But there are many exceptions to this , thus, many 
Oranges and Grapes produce no seeds, but the peiicarp is never- 
theless fully developed ; and in the Bananas, Plantains, and 
Bread-fiuit, the peiieaijps develox) most extensively, and become 
best adapted for food, when the seeds are chiefly or entirely 
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dibi>iU\e Geueiall^ speaking, ho\\e\ei the cle^ clopmeiit ol the 
seeds aud peiicarp piocecds to^etliei aftei the piocess of ferti- 
lisation lias heen etlected, and then onl\ j^ofect C9U be 

loimed; foi although m common language we apply the teim 
fruit m those instanees wheie no seeds aie produced, ;vet strictly 
speaking such aie not fullj’ foimed fiuits, but only enlaiged and 
swollen pericaips 

Having now alluded to the seeds as a component pait of the 
pel feet j5:uit, we must lea^ e then paiticulai e'vainination till latei, 
and pioceed to the desciiiition of the peiicaip 

JBeiicaix ) — In the ma]oiit;> of fiuits the peiicarp consists 
simiily of the walls of the oiaij" in a modified state , but, wrhen 
thecalxyoi leceptacleis adheient, it necessarily" presents a more 
complicated stiuctuie. The pericarp often exhibits thi ee layers 
or legions {fig- .535), an external, called the egyita)^ or exocarj)^ ejp^ 
a middle, the mesocca go ^ mt , and an inner, the endocajj}, en The 
middle layer, being freciuently of a fleshy or succulent nature, is 


Fi<7 .50 U 
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also then termed the sen coca'ip ^ while the innei layer, fiom its 
hardness in some huits, is then called the stone oi jxiitainen 

In some cases the pericarp cleaily indicates its analogy to a 
leaf-blade by remaining in a condition not very dissimilai to that 
pait of a leaf folded inwards and united by its margins, as in 
the Bladder Senna ( fig 506) , such a fruit is desciibedas folia- 
ceoiis oi h aj-if 

The abo\e lemaiks will be leiideied inoie intelligible by 
being illustiated by a few examples taken liom well-known 
fiuits Thus, 111 the Peach, Apiicot, Cheiiy% Plum, and most 
othei diuiiaeeous liuits (i>age 244), the scpaiable skin is the 
epicaip , the pulpy" pait, wduch is eaten, the mesoeaip oi sarco- 
carp , and the stone enclosing the seed, the endocarp oi puta- 
men In the Almond, the seed is enveloped by a thin woody 
shell, constituting the endocaip, winch is itself sui rounded by a 
thm gieen layer, foimed of the combined mesoeaip and epicarp. 
In the Date the outer brownish skm is the epicarp , the thm 
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papei-like ii\ei cnclojsini? the seed is the encloctiip , and the 
intermediate puliiy iiait is the iiiesocarp oi sarcocaip In the 
■\VtdiKat, the wood\ shell enveloping the seed, ^\hich is commonl;v 
termed the mit im the endocaiii , and the gieeii co^ eiing of this 
called the husk, consists of the me-socaip and epicaip coinhmed. 
In the abo\e tiuits, and numerous otheis which might be 
quoted, the ditleieiit layeis of the peiicaip aie moie oi less 
eMdent , but in some fiuits, as in the Xut, these lajeis become 
so blended, that it is difficult, it not impossible, to distinguish 
them The examples of fruits now mentioned, togethei with 
those pieviously alluded to, will show in a stiikmg manner the 
^ery % ary mg natuie and oiigm of the paits which aie commonly 
eaten- 

Siitiueh — In describing the stiuctme of the cai pel, w e found 
that the o^ai\ jnesented two sutures (page 182) , one of which 
( fig 399, rs), called the vential suture, coiresponded to the imion 
ot the maigins of the lamina of the caipellaiy leaf, and was 
consequently turned tow aids the axis oi centie of the fiow^er , and 
the othei, teimed the doisal sutuie, coiiesponding to the 
midiib of the lamina, which wras diiocted towards its ciicnm- 
ference The smii^le fruit being formed, m most eases, essenti- 
ally of the inatuie o\aiy, also piesents two sutuies, which aie 
distinguished by similai names These, like those ot the ovai;s 5 
bo fiequently distinguished externally, eithei by a more 01 
less pi ejecting hue, 01 a shght fiiiiow^ thus m the Peach 
(fig 537), Cheii;>, Plum, and Apiicot, the \ential sutuie is veiy 
e’V’ident, although the doisal sutuie has become nearly effaced , 
while m the Bladdei Senna ( fiq 50(3), Pea, and othei fiuits of 
the Legummosae, both doisal and central sutuies aic clearly 
MSible oxternallv 

In a polycarpellaiw o\ai.\ with two ui moie cells, m which 
the placentatioii is axile, it must be eMdciit, ot couise, that the 
doisal sutuies can alone be obsei\ed e\tc‘inall;v, as the \ential 
sutmos of the compionont ov<uies aie tin nod towards, and meet 
ill the axis ol the flowei, and aie hence lemoxed from Mew ; it 
follows also that the numbei of doisal sutures will necossaiily 
coriespond to the number of caipels of which such an o\ary is 
foimed In a fiuit piesenting simiiai characters, we find of 
eouise a similai disposition of the sutures When an ovaiy, on 
the contiary, is formed of the blades of two or mox'e carpellaiy 
leaves, the margins of which are not inflected, or only partially 
so, and therefoie one-celled, and the placentation paiietal or 
free central, both vential and doisal sutures may be observed 
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extei3iall\ alteriiatmg with each t>thei The huit, which is 
foimeclma similai maiiiiei, necessaiily jnesents a biuiilai altei- 
natioii ot the butuies on its external suitace 

I)ehi6cence . — The x^eiicaii) at \ ai j mg peiiocls, but cummonl;^ 
when the huit is iii>e, eithei opens, so as to allow the seed oi 
seeds to escape , oi leinains closed, and the seeds can then 
only become fiee bv its iiiptuie oi decay In the formei case 
the ti uit IS said to be cl eliisicni , in the latter, i u deli iscc n t Those 
Iruits, such as the Nut, Clieiiy, Ainicot, Plum, and Date, which 
ha%e \ei;\ haicl oi flesli;v iieiicaips, aio usnalU mdehiscent 

Dehiscent huits open in \arious wxi\s — Int By splitting 
longituclinall\ in the line of, one or both of the sntnies , oi at 
the junction of the component caipels onl\ , oi at these xioints 
as w ell as at the doisal sutuies In all the abo^ e cases the pieces 
into w'hieh the fruit sej)aiateb aie called lalves and those \al\es, 
when the finit is noimal m its stiuctme, aie either ecxual in 
number to the cells, or component caipels, or tlie\ aie twice as 
numeious Thus in fiiiits toimed of a single caipel, which only 
0 X>en b^ the a eniial or doisal siituie, theio wull be only one ^ ah e 
{ iifjs. olO and all), coiiehX)onding to the one caix^el , but if the 
carpels open by both sutuies ( fi(j 512;, theie will be two vahes. 
In feints coinxiosed of se^eial cells the "sahes will bo eciual in 
number to the comx)onent caipels, if the dehiscence onl^ takes 
Xdace bJ^ the doisal sutiiie ( fiqs 523-525), or m the line of union 
of the component o\aiies {figs, 513-515) , oi the\ wull be double 
the numbei, if the dehiscence takes x^lace bj"^ both these iiaits. 
In x^olycaixiellaiy one-celled huits the 'salves will be e<xual in 
number to the component caix)els, if the dehiscence occuis only 
bj" the ventral ( -fig 519) oi dorsal sutuies {fig 520) , or double the 
number, if by both sutuies When theie is a distinct axis left 
after the sexiaration of the vahes, this is called the columella 
(fig 526, a) According to the numbei of ^alves, the fruit is 
desciibedaso?ic-/ c{lued,tw0’valveclyt7i7€e-valvedi0v mang-valved 
2nd Dehiscence, instead of taking place longitudinally, or in a 
\al\ulai mannei, sometimes occuis in a tiansverse direction 
bv wdiicli the upper part of the fiiiit sejiaiates from the lower 
like the lid lioin a ]ai oi box 3rd. It may take x^l^e© m an 
11 regular manner by little poies We have thus tluee kinds or 
classes of dehiscence, which are called lespectively — 1 Valvu- 
Itu , 2 Transverse or Citcumscissile , and 3 JPorous, 

1. V vt.VTTi,xt!, Dehisojanok — Tlus may be either x>tT‘ihal or 
comxdete ; thus, lu JDiaafJnis {fig 50B), Lgtlinis {fig 507), 
and many other Cai>ox)hyliaceous X-)lanis, the dehiscence only 
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taket> i)lcice at the iqipei iKiit ot the liiiit, \\liich thtii ai)peais 
toothed, the nuiubei of teeth coiiespoiidintj: to that i,»t the \ .J\e'- 
in c^mx>lete dehisLeneo A ROlll£^\hat siinilai mode of paitial 
dehiscence occnis in coitam Sa\iha^e&, and ui the Mignonette 
\Jiy 5 in the lattei iilant one large oiihce ma\ he ubseiied 


FiCr ,j07 



Fio 510 



Fi(. Ill 



Fir, 500 



Fk, 512 



Vitj oi / w "lOS riiiit 111 /oj/ 509 iimt 

of Mignonette (AVser/<f> Luj 5l<) roUitlu <it rohiinbiiie (^Aquilt^tua U 

tleliitecing by 'ventral suture Vus 511 I’ollicles of ^f^(}nolm tflmmu 

eacli (lelusemg 1>\ its dors<il sutme The seeds arc siisi>cii(le<l troin the 

liiuts b\ long stalks oi tuiiiculi Fitj 512 Legume t>t tlie Pea uliicli 

lias 'Opened I both dois.il and yeutial butuies, hence it is tuo-val\e«l 
r Cal>>c ep Epical p pi Placenta ov heeds attaclied to the placenta 
by a tunic ulus 01 stalks/ en Eiidocaip 


at the summit of the fruit at aji eaily stage of its gio^\tii, and 
long before the seeds are ripe. At other times the sepaiation 
of the fruit into valves is more or less comjilete, so that the 
nature of the dehiscence is at once evident Theie are vaiious 
modifications of these comxilete forms of valvular dehiscence. 
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Thus, m fruits uhicli aie toimed of but one caipel, the cleliis- 
cenee ma^ take place by the \ential stitnie only? as in the 
Cohimbme { ptj 510) and Aconite ( fi(j. 551) ; or by the cl^lsal 
suture onlj, as in some Magnolias ( -firj 511) , or by both dorsal 
and \ential sutures, as in the Pea ( prj 512), Bean, and many 
other Le«uimnoub plants This foim of deliiseence is commonly 
knoTvn as sutuial 

In coniiiound fiuits ha\ing two oi more cells, and there- 
foie w’lth axile plaeentation, theie aie thiee piineipal kinds of 
dehiscence, which aie called lesxiectiNely, septicidal, loculitidal, 
and septif) agaL 

A. 8e2:>ttcid^tlDehisce7ice — In this the fiuitis separated into 


Fig 513 



Fig* 514 Fig 515 


^ 

J\(f j1 ] Ct-phiIc ot tlicjVIi itlow Saflion rc'o/tft/- 
mm ttuftimmih sliuwiusr septicidtl dehis- 
cence Fi(f 514 Didgiamot scptieidal de 

nisccnce, blio\\T.iig tlie plactnitds and beeds 

earned a^va^ 'with the \alves Fttj 515 

"Diagram ot &eptitragal dehiscence, shoTMii" 
the valves hi caking a\\a\ tiom a oential 
column toraiMlh> the union of thei)laccntaa» 


its component oiaiies or cai]iels, by a diMsion taking 
between the two hah es of each disfoepiiuent ( fiiys, 513-515) Ex- 
amples maybe seen ni Coltlncitni rniCi Hhododend} on Heie 
each\cihe coiiesiionds to a caipel, and the vahes aie said to 
ha\ e then maigins turned inwaids In this dohiscenco the X)la«- 
centas with the seeds attached aie earned away wuth the valves 
{;fig 514), as in Cohliiciini 

B. JLioculicidal De7iLS( eiice — This is said to occur when each 
carpel opens by its dorsal suture, or through the back of the 
cells, the dissepiments lemaimng undivided {figs 523 and 524) 
Here each valve is composed of the united halves of two 
adjoining caix^els, and the val\es bear the dissepiments in the 
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iiiuldle Examples ma\ be seen in the Iiis { hq *>01) and 
Hihihciis ( fi<j o 28 ) 

0 Sejptij-Q agal Deliiscence — In this foim of dehiscence the 
caipels open by their doibal or ^ential sutiues* as m locnlicida 
or septic idal dehiscence, and at the same time the dissepiments 
sepaiate fiom the walls and lemain united to each other and to 
the axis {figs olO and 517), which in this ease is geneially 
moie oi less piolonged This form of dehiscence may be seen 
m Datiua Sti aivonium { iig 518), and Cechcln {fig 516) 
The placentas beaiing the seeds are lieie attached to the axis, 


Fict 516 Fi(f 518 



Fig 516 Capsule of (Jediela antjiisUfolia, slio\\iiif]r scptitiaaal dduscence 

«T, w, p Values a Axis bearin" the <lissex)im(?iits, t, i, inrl seeds, r/ 

Fig 517 Diagfianullustiatingseptitiafraldcluscpiicc F/g 518 Caiibulo 

ot Datina Bt) amonium^ sho^Miig septitiagal dehiscence 


between the dissepiments, c, c Beptifragal dehiscence may 
be combined w^ith eithei the lociilicidal oi seiiticidal form {fiqs. 
515 and 525) 

In polycarpelLiry fruits with one cell having parietal oi fiee 
central placentation, we have tw^o forms of dehiscence , these 
are analogous to the ordinar;!y septicidal and loculicidal kinds 
lUst described. Thus, ni compound fruits with i^aiietal pla- 
centation, the dehiscence ma> take place either thiough the 
confluent margins or sutures of the ad]oining carpels, so that 
each placenta is divided into its two lamella, as in the species of 
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Gentian ( tt(f 519), in which case the dehiscence is analogous to 
the septicidal form, anil each \alve, theieloie, repiesents one of 
the comjionent caipols of the fi.uit , or the dehiscence mavHiake 
place thiough the doisal sutnies, as in the Heaitsease ( fiq 520), 
m which case it is analogous to the locuhcidal form ot dehis- 
cence, and each \alve is composed of tlio adioimng hahes of 
two caipols These forms ma\ he leadily distinguished by the 
varying attachment of the placentas and seeds m the tw o cases , 
thus, m the foimoi instance, each Aal\e will hear the placentas 
and seeds on its two maigins ( fiq 519), and the valves are said 
to be jylacentifei ous at tlieiir hoydeys , in the lattei, the placenta 
and seeds will be attached to the centie of each valve {,fiq» 


Fict 519 


Fio 520 


Fio 521 




rif/ 519 OiiGCtlletl ft Tilt of a species ot G-entiin 

dehiSLing in a scpticirlil maniiei Fiff 6iU 

Ouc celleil tiTut ot ITeaitsoase {Viola fjuolot), 

(lehisLiiig m a IoouIickUtI uimuei Fut 521 

Pruit OT siliqua of the Walltlow er, showing the 

separatiou of two v.il\ cs from the rejilum 

Ficf 522 ‘Frmt {(fiatium') of Celandine ( Oheltdo^ 
mum with the valves separating from 

the placentas 



Fig 522 



520), and the -salves arc then said to be lilacenHfcroua %n 
theiy middle It sometimes happens, as in the fruit of 
the AYallflowei {fq 521), that the placentas beaimg the 
seeds lemain undnided, and the vahes bioak away fiom 
them, so that the^ aie left attached to a fiame oi replnm 
(page 252) 

In polycaipellai> fiiuts with a free central placentation, the 
samo foims of dehiscence occiu as in those with paiietal pla- 
centation, but heie it is difticult m many cases to speak 
liositively as to the natuie of the dehiscence fiom the absence 
of seeds oi dissepiments upon the ^ alves The means Uvsually 
adopted m such cases is to count the number of the vah cs and 
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comp.iK* then po-^ition \Mth the -.ep^il-s di (livi^ion= at the cnlvx;. 
Thus, as the ditioLeiit hoi Is of the tiouei m a lei^ihn aiiansce- 
nient nlternate with one anotbei,the com 2 >oneiit cai2>els of the 
fiuit should alternate with the divisions or sepals of the c.ih x: 
If the fiuit thoiefoio sejiaiates into as nian;v poitions as tlieie 
are parts oi sepals to the ealvx, and if these vahes aie tlien 
2 )laced alternate to them, they lepiesent the comiionent caipels, 
and the dehi&eence is consequently analogous to the septicidal 
foim , if, on the contiaiy, the yalves aie equal and opjiosite to 
the sepals or diy isions of the calyx, each xaly e is coinxiosed of 
the adjoining haly^es ot two caipels, and the dehiscence is 
analogous to the lociiheidal form Sometmies the number of 
valves IS double that of the calycine segments or sepals, in 
yvhich case each y^alve is foimecl of half a carpel, the dehiscence 
of the fiuit haying taken place both by its doisal and yentral 
sutures 

In all the above varieties of y aly iilai deluscence, the separa- 
tion may either take place fiom aboy^e doiynyvards y\hich is by 
fai the moie usual form ( fgfs 513, 516, 518, and 523) ; oi occa- 
sionally from below upwards, as in the Celandme {fig 522;, and 
unnei sally m Cruciferous plants {fig 521). 

In some foims of septicidal dehiscence the carpels separate 
without opening, as in Scropliularia^ m yvhich case they may 
afteiyvaids open bv then doisal sutures, that is, ui a loculieiclal 
mannei In othei cases, the axis is x>iolo3iged m the form of a 
columella or caipophoie, as m the Mallow and Castor-od Plant 
(fig 526, a), and in the GeraniacesB ( fig 527, a), and Umbel- 
liferoe {fig* 539), and the cariiels vhich are united to it also 
sei^arate yvithoiit their oy^aries o]Deiimg The oy’-aries of such 
caipels fiequently open aftei wards by then dorsal sutuies ( fig 
526, ad) \^Tien such carpels sepaiate yvith a certain amount of 
elasticity from the axis to which they aie attached, as m some 
Euphoibiaceae, they have been called cocc% {fig 526, c, c, c) 
By some botanists, all carpels which thus separate from the axis 
m a septicidal manner are termed cocci, and the fruit is described 
as dicoccous, ti icoccous, &e , according to their number In eei- 
tamhruits, such as those of theimwwz- catliai ixcimi, the ovaries 
open first by their dorsal suture, and then sepaiate fiom each 
other m a septicidal manner 

It IS better to call all huits, the caipels of wkich se^iarate 
from each other without openmg — sclii&ocmps , and term their 
component caipels cocci if there are moie than two, oi if only 
two in number, as in the Umbellifeiae, — mei icaijps 
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2. Tr \.NfcvYFii«%E OR CiRcuMscisbiLE Dehiscexce — In this 
kind of dehiseenco the openin" takes place by a tian&rerse 
fis&me thioiigli the peiiearp aciosb the sutmes, bO tliPt the 
nppei pait is sepaiated fioiii the lowei like the lid of ajar or 
box, as 111 Hijoscyaimis 528) and Anaqallis (iiq 558) 

Sometimes the dehiscence only takes place halt round the hmt, 
as in J'c^’ffcisoma, m yhich case the lid lemains attached to the 
pericaip on one side, as bv a hin^e 

111 the Monkey-pot ( -fig 529), the loy er pait of the ovaiy is 


Fkt 523 


Fifr 524 Fio 525 


Fm 527 



riff 62*} Capsule of a species of Ilibistus, tlclnscing lociilicidalh i\v^v 

Talvet. c Dissepiments </ Seeds rif/ 524 Diagiam of loculicirlal 

(Teluscence, in wliieh the ^alves cairy the pXacentis with them Fif/ 

526 Diagrnm of septifragal dehiscence, in which the -valves hnve sepa- 
ratefl from the placentas, wdiichiemaiu as a cential oolnmn u ith tht seeds 
attached Fur 520 Fruit ot the Castor-oil Plant ( Fa in us comm uni s'), de- 

hiscing in a septicidal manner 6, t Carpels ft Oolnme’la stj Dorsal 

sutuie where eich cai pel ultiraatelv opens Fitf 627 Fruit ot a species 

ot Get an lit JH c Pei sistent calyx a A-xis oi carpophore fiom winch the 
oyaiies, e, e, with then stvles, f, t, aie scpaiawng s Stigmas 


adherent to the tube of the eal,> x, and the upper portion is h^ee ; 
and when dehiseenco takes place, it does so in a transverse 
manner and at the part wheie the uppei fiee poition -joins the 
lower adherent one, so that it would appeal as if the adhoi^ence 
of the calyx had some ettect in this case m xnoducing the trans- 
lerse dehiscence. Such hints are sometimes called o 2 :)C} culafe^ 
a teim which is also applied by other botanists to all forms of 
transveise dehiscence in which the uppei portion of the peiicarp 
sepal ates horn the lower in the form of a <7 or 02^erc2iht7n. 
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Tiaiis\eii5e delnscence lUAj also occm m tiuits 'which die 
formed bv a single o\aiy oi caipel, as ^^ell as m the compound 
ones mentioned aboAe Thus, the lomenta of Cot onilla^ Hedy- 
barion {py 5J30), Omithojuts, Ac, sexidiate when iii>e into as 
many poitions as there uie seeds 

8 Porous Dehiscencil — Tins is an iiiegnlai kind of dehis- 
cence, 111 which the finits open b\ little pores or slits foiined m 
then pericaips. These openings may be eithei situated at the 
aiDex, side, oi base of the fruit , hence they aie desciibed accoid- 
ingl^, as ainculcu^ latetal^ or hasilat, Exam];>les of this kind 
of dehiscence occur in the Poppy, in which a numbei of poies 
aie placed beneath the jieltate disc to which the stigmas are 
attached, in th.e A7iti7 iliinum 429), wheie there are two 
or three oiihces, one of which is situated near the summit of the 

Flu 528 Fiu 5‘29 Fig 530 


Q 

Fitf 528 Flint ol Heuhaiio viitJi triiU‘^vci*'e 

(ielnscenco Tin*? tiuit teiiap«l a pi'v.i-s Fu/ 529 

PwissOt thii Monke 5 -l>ot {Ittuduh nUamt) Fit; 530 

liomeutum o± a species of Htdnsatum scpaiatiiig tidus 
% ersel> into one seedal poitioiis 




ux^xiei cell of the o\ ary, and tlie other (one oi tw o) in the low'ei ; 
and m \arious species of Ca77ii)a7%ula {figs 581, and 532) 
Tn the latter the calyx is adheient to the o\ar,v, and the pores, 
which have a very iiregnlai ax)x>earanee at then maigins, pene- 
trate thiough the walls of the jieiicarp foimed by the adheient 
calyx and ovaiy, these poies eoiresx)ond to the numbei of cells 
m the o\ary, and are either situated at the sides (Jig* 531, i), 

or towards the base (fig 582) 

Kinds of Fruit — JMaiiy kinds of finit ha\6 been desciibed 
and several classifications have been piojposed for them, but 
theie IS still not vciy gieat accoi dance among botanists upon 
this subject 

We have seen that in most cases the fruit aiises fiom changes 
in the carpels in consequence of feitilisation All these forms 
may be described as fine fruits. In many othei cases other 
von I. r 
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paits of the flower undeigo similai mocliti cat ions and a niiinhei 
of stiuctuies lesnlt, in which fi.equent]\ the tiue finitb can he 
separately distinguibhecl The idea of the tiint which asso- 
ciated with these foims is a latliei conventional one, its leading 
featnies being biicculence oi palarahilitA Such hints, originat- 
ing, like the hist group, horn single floweis, we ma\ speak of 
as sj}U} IOU& ftuith A thud toim also is found, m which the 
‘ flint ’ is the lesult of the inoie oi less complete cohesion of a 
numbei of floweis, \aiioiis xiaits of which, oi the avis on which 


Fkx 531 Fk. 532 



5^51 Imiriatiii c flint ot cl "pccxes ul p ''’eiit iiii Poieai 

cit tilt -.Klcs t,c Poi'ai'steut Cci^rv unite«l below Totbcw.illot the trait 

so ci-a to toim 1 pait ot tlie ptiicdip Fifj 332 ihuit ot i spLLic-s ot 

Ccanpa/tula aUiiscmg h\ poitya at its b i^c* 

they aie home, lia\ e become succulent These be called 

agg) egated or anthocaijpous hrmts 

A True Fruits. 

Of these many varieties occur, lendeiing a classification 
necessaiy As tlieie is a broad distinction possible based on the 
waj thev hbeiate their seeds, we may divide them into I tide- 
lusceni tmii Dehiscent ft it its Further division maybe based 
on the mimbei of carjiels m each 

Indclnscenf Monocat itelht i*ij Ft aits 

1 The Aehmnvum or Achene is a supeiioi, one-celled, one- 
seeded huit, with a dxy indehiscent peiicarp, which is separable 
from the seed, although closely applied to it Buch fimts may 
be distinguished from seeds by presenting on some point of their 
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snilace the leuiams of the st^le. This st\le is in 'aonie ca>es \ei^ 
evident, as in the Anemone i ptj odS) Examples mav be seen 
in the Clematis and Anemone, and m the plants ot the oideis 


Eabiatje and Eoia^inaceje 534 1 
howei pioducinf? })ut a ^ 

smgle achcenium 


In laxe cases -sve hnd a 
Fio 534 


2 The ’Utucle is 
a fcriipeiiui, oue-eelled, 
one oi few-seeded 
huit, Tvith a tlnn, mem- 
bianous, loose peii- 
caip, not adheimg to 
the seed , genoiall\ m- 
dehibcent, but laiolv 
opening m a tiansveise 
mannei Examples of 
this kind of fruit ina\ 
be seen in 

and Ch€fio 2 Jodinm {pg 
536) 

3 The Gevt go 2 JSt 8 is 
a supeiioi, one-celled, 
one-seeded, indehis- 




/ Of 5oJ 'Tt.itit il acctum 

<»± an achaBmum ot tlie 
1* isque flow ei < J n# - 
iiione Pulsatilla) Tlie 
tiuit i«5 to be tailfil 

ju till's inetance m con- 
"equcnce of being -sni- 
inountcHl by a feathery 

stjle J\if 611 : 

-Vcliosuia ot Bngloas 
CLvtopsis) 


cent fruit, with a thm, diy membranous peiicaip, completely 
and msepaiabE united with the seed (pqs 540 and 541) Tins 
fruit lesembles the achuenium, but it is distinguished by the 
complete union which exists between the peiicaij) and the seed. 


Fig 535 Fig 536 



ruf 535 Voiucal section ot the tliupe ot the Chciij ep Bpicaip eu Eii 

docarp mt Mesocaip *■/ SlccI with euibr> o Fuf 53h TJtiiculai. truit 

ot Chenopodiiimf sm rounded by the per&ibtent oal^x 

It IS, moieover, generally considered as bemg of a bicaipellary 
nature, from the presence of two or moie styles and stigmas 
on the ovary (Jig 404) It is found in the Oat, Maize, Eye, 
Wheat, Bailey, and generally m the Grass order These frniits, 

a 2 
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like llie achaema, are often eiioneousl3 called seeds, but their 
tiue natiiie is at once eiident ivhen tlie> aie examined in their 
early state. 

4, The D} iiije — This is a siipeiioi, one-celled, one- oi two- 
seeded, mdehiscent fiuit, ha\ing a tie shy oi iiulpv saieocaip, a 
hard oi bony endocarp, and the peiicaip altogether sepaiable 
into its component paits, namely, epicaip, saicocaip, and 
endoeaij) The diuiie is sometimes called a stone-ft uit Ex- 
amples occm in the Peach {Jigs r>37 and 538), Apiieot, Plum, 
Cheiiy (fig 535), and Olne In the Almond the fiiiit piesents 
all the chaiacteis of the diupe, exceijt that heie the saicocaip is 
of a toughish textuie instead of being succulent Many fruits, 
such as the Walnut and Cocoa-nut, aie sometimes teimed druiies, 
but impiopeily so, as they are in reality compound or formed 


Fig 537 Fig 538 



Fkj 537 Diuiie ot the FeaUi Fti/ 5^8 The same cut veitioallj 


originally from two or more carpels oi ovaiies, besides present- 
ing other characters differ mg from simple fruits 

5 T7ie Bei y ij — Though the beriy is usually formed from a 
sviicaipous oiaiy, there is one foim ol it which may be included 
here It is a succulent fiuit with a single cell in wdiich is a 
single seed Tins is hard and stony, and at first sight may be 
taken to be the same thing as the stone of the Plum It is not 
so, howevei, as the lattei is hollow and encloses the seed. In 
the beri;^ the stone is the seed This form of fruit is seen m the 
Date and some other Palms 

IndeJviscent JBolycay j^ellcuy y F 7 luis 

1 The Cyi^sela ^ — This differs in nothing essential from the 
aehtenium, except m being inferior and bicarpellary It occurs 
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in all plants of the Older Compositae When the caKx is x>ap]io^<^ 
it lemains attached to the finit, as in Salsafy and Dandelion 

2 T7ir Glan^ oi Xnt is a dit haid, mdehiscent, one-celled, 
one- or two-seeded hint, x>ioduced fiom an oiaiy ot two oi moie 
cells with one ot moie oMiles m each cell, all of w'hich boeomo 
aboitiie in the piogiess of stiow’th e^ce}^t one or two The thiee 
Liyeis constitutiiif? the peiicarp of the mit aio fiiinlv coherent 
and iindistmgiiishahle, and the whole is moie oi less enclosed 
h^ a cujjitle The Aeoin ( //ry 19S), and the Hazel-nut ( tir/^ 
190), may l)e taken as examples By some hotanists the 
flint of the Cocoa-nut Palm is called a nut^ but it difteis in its 
jiericarp piesentin" a distinction into epicarp, mesocarp, and 
endocaip (See Diupe ) Such a h*uit is often described as a 
fibious drupe 

8 The Belli. ocaij } — This teim is applied to a iiumbei of 
flints wdiich split aw'ay fiom the axis into jiieees coiies}iondmg 
to the constituent eaipels They dittei fiom dehiscent fiiiits in 
that the splittins; does not liberate the seeds The chief vaiieties 
aie the following — 

The Cremocai ]} — An mferioi, drv, mdeliiscent, two-celled, 
two-seeded fruit The two cells, or halies, of wdnch this fiuit 
is composed are joined face to face to a common axis oi 
l^lioie, from which they sepaiate when iipe, but to which they 
alw^ays remain attached by a slender cord which suspends them 
{-fig 539) Each half -hint is teimed a pericarp ^ and the inner 
face the commisMue Each portion of the fiuit resembles an 
achaemum, except in being mfeiior , hence the name d laclicen mm 
has been given to this fruit Examples of the eremocarp as 
above defined aie found universally in the plants of the older 
Umbellifeiae, but in no other older 

The Samaia — ^A superior, two- oi more celled fruit, each 
cell being diy, mdeliiscent, one- or few’-seeded, and baling its 
pericarp extended into a wnmged expansion Examples may be 
found in the Maple ( fig. 542), Ash, and Elm. By some botanists 
each winged portion of such a fimt is called a samara, and thus 
such hnuts as the Maple are considered to he formed of two 
united samaras 

The Caiceiule — A superior, many-celled hint, each cell 
being dry, indehiscent, and one- or few'-seeded, and all the cells 
more or less colieiing by’' then umted styles to a central axis. 
The common Mallow {fig 543) is a good example of this fiuit. 
In the Geranium the central axis with its adheient styles is 
in*olonged upwaids into a large beak {fig 527) 
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The Amjplusarca ^ — A suj)erior, niany-celled, indehiscent, 
many-seeded iiuit, indiu’ated oi woodv externally, i)nlpv in- 
ternally. Examples, Oinphalocay Adansonia^ CyescefAia 
When the schizoearp consists of thiee or more cariiels winch 
separate from each other and bm’st with elasticity, as in JEtnyinua 
{fig* 526) and Hura crejjitans {fig 560), it has been called a 
'legmct^ and the constituent caixiels are teimed coccv. 

4 The Bacca or Benry is an mferior, indeliiseent, one- or 


Fig 539 


Fig 540 


Fig 641 



J^uf 530 Otemocatp oi fluit of ingtdiia Fig 540 OAryopsism fiuit. of 

the Out Fig 541 Tlie sa.me out rertically o Foiic&rp t iHtog-u- 

luentq of tlie a Allmmen or enrloaperm c Gotylocloii g Q-em- 

iniile oi i)liTmnlc o Hadicle Fw 5i2 Samara or frmtoftlip Maple 

Fig 6 41 Carcmile or fruit of the Mallow iJllalva) 


more-celled, many-seeded, pulpy firuit {figs 544 and 545) The 
pulp IS produced from the placentas, which are parietal {fig 
64.4, pT), and have the seeds, s, s, at first attached to them , but 
these become ultimately separated and lie loose in the pulp, p* 
Exami>les may be found in the G-ooseberry and Currant. The 
name baccate or berrzed is axiplied by many botanists to any 
fruit of a pulpy nature, and will sometimes be used m this sense 
in our desciiption of the natural orders 
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5 The Fepo is an mfeiior, one-celled, or si^urionsly tliroe- 
celled ( -ficf i547), many- seeded, desh^i , or pulp;v fmit The seeds 
aie atiiached to parietal placentas, and aie imbedded in pulp, 
but they nevei become loose as is the case in the berr^ ; and 
hence this fiiiit is leadily distm^ished from it. 

Theie has been much discussion ^ith legard to the nature 
of the pepo some botanists the placentas are considered as 

axile, and the fruit normalh thiee-eelled, as it is foiined of three 
ovaiies or carpels , '^hile by others the placentas aie regarded 
as paiietal, and the truit noimally one-celled, as defined aboye. 


Fto 544 



F\u 614 Transvei«e section of aberry of theGoosebeii j (Tlibes Gtossulm 7ft) 

p7 riacentas s s Seeds imbedded in pulp, p Fttf 54*5 Raceme of 

bemes ot the Red Om rant iuh 7 7 tni) Ftg 54b Kiiculamum oi 

±imt ot the Ymo (K/J'is Ft</ 647 Transveise section of the 

pepo of the ^Melon c7, r7, tl Carpels pl^pl, pU Curved placentas, 

sending processes, from the circnmterence, 7, to the centie, and thus 
causing the fruit to be spuriously three celled 

Those who adopt the first view believe that each placenta sends 
outwards a process towards the walls of the fruit, and that these 
processes ultimately reach the walls and then become bent 
inwards and bear the seeds on the curved portions If these 
processes remain the fruit is three - celled , if, on the contrary, 
they become absorbed, it is only one-celled, and the jdacentas 
are sxiuriously parietal According to the view here adopted, 
the placentas are paiietal, and send processes inwards which 
meet in the centre, and thus render the fruit spuiiously three- 
celled , 01 , if these are afterwards obliterated, or imperfectly 
formed, the fruit is one-celled. This fruit is illustrated by the 
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Melon, Gourd, Cucumber, Elatermm, and other Cneuibitaceae 
The fniit of the Papaw-tree resembles a pepo generally, except 
in bemg snperioi 

6 llie Niirulaninm — This fruit, of which the Grape {fig 
546) may be taken as an example, does not diffei in anj impor- 
tant chaiacteis from the beii;v, except in being supeiior 

7. The Heapeiidium is a supeiior, many-celled, few -seeded, 
inhehiscent frint, consisting of a sepaiable pericarj), formed of 
the epicarj) and iiiesocarp combined togethei ( pg 548, j;, c)^ and 
having an endocarp, «r7, iiiqieetmg internally in the foim oi 
membranous j)aititions, which divide the pulp into a number of 
portions or cells, which aie easily seiiarated Irom each other 
This pulp, as aliead\ noticed is either a deielopment of 
succulent parenchyma fiom the inner lining of the ovaiy 
generally, oi from the jilacentas onlv The seeds, s, s, are iiu- 

Fio 548 Fk. 549 


Fm 548 Transvcise «5eotion of the frnit of the Oianpre w? \ui antium'^ 

p Epicarp p IMesooaip tl Endoeaip v, s Seeds Fuf 519 Abiiormn,! 

(le\ olopmeiit of tlie fnut of the Oiaopre, iii which the caipols, tp, and ci, 
are more or less distinct instead ot heiiif? auite<l 

bedded in the pulp, and attached to the inner angle of each of 
the portions into which the frmt is divided The fruits of the 
Orange, Lemon, Lime, and Shaddock are examples of the hes- 
peridium It is by no means uncommon to find the caipels of 
this fruit in a more or less separated state {fig 549), and we 
have then produced what are called ‘ horned oranges,’ ‘ fingered 
citrons,’ &c , and the fruit becomes somewhat apocarpous instead 
of entirely syncarpous 

8 The Tiyma is a supeiior, oiie-celled, one-seeded, indehis- 
cent fruit, ha\iiig a separable fleshy or leathery rind, consisting 
of epicarp and mesocarp, and a hard two-valved endocarp, from 
the inner lining of which spurious dissepiments extend so as to 
divide the seed into deep lobes It difleis but little from the 
ordinary drupe, except in being formed from an originally com- 
pound ovary Example, the Walnut, 
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9. The Balausia is an inferior, many-celletl, inan^ -seeded, 
indeliiseent fiiiit, T^ith a tough peneaip It is formed of t^\o 
rowsiof carpels, one i ow being placed abo\ e the othei , and sui - 
rounded by the calyx , the seeds being attached inegnlarly to 
the walls or centre The Pomegianate fruit {fi^ S67) is the 
only examine 

Dehiscent MonoctnprUni y Di nits 

1 The JPolhcle — This i& a suiieiior, one-celled, one- or mam - 
seeded fruit, dehibcmg by one suture onl\ , which is commonly 
the \ential, and is conse<xuently one-\alved {fig 510) By the 
latter chaiactei it is known at once fiom the legume, which 
opens by two sutures, and is two ^al^ed 5 in othei i aspects the 


Fig 550 Fig 551 


Fig 5 >2 



two huits are alike In Magnolia glatica ( fir/ 511), and some 
otliei species of Magnolia, the folhcle opens by the dorsal sutuie 
instead of the vential Exanijiles of the follicle occur in the 
Coluiubme ( fig 550), Helleboie, Laikspui, and Aconite ( fig 551), 
in all of which plants the fiuit is composed of three or moie 
follicles placed in a wh oiled mannei tm the thalamus , in the 
As^clepiaa, Periwinkle, and Pseony {fig 552), wheie each flower 
generalh forms two follicles ; and in the Diriodend'ton BrndiMag- 
noHa {fig 511), where the follicles are numerous, and aiianged 
in a spiial manner on a more or less elongated thalamus It 
larely happens that a flower produces but a single follicle , this, 
however, sometimes occurs in the Paeonv and in othei plants. 
The two follicles of Asclepiaa are more or less united at their 
bases, and the seeds, instead ofremaimng attached to the \entral 
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suture, as is the case in the true follicle, lie loose in the cavity of 
the fruit This double fruit has therefore by some botanists lo- 
oeived the distinctive name of Conccjytacxdum 

2. The Leffume 07 Pod — This is a supeiioi, one-eelled, one- or 
many-seeded fiuifc, dehiscing by both ventral and dorsal sutuies, 
so as to foim two valves, and beaiing its seed or seeds on the 
vential sutuie Examples occur in the Pea (fig 512), Bean, 
Clovei, and most plants of the order Legummosae, which has 
derived its name from tins circimistance The legume assumes 
a variety of forms, but it is generally’ more or less convex on 
its two suifaees and neaiB straight , at other times, however, it 
becomes spiially eontoited so as to resemble a screw {fig 555), 
or a snail twusted, as in some species of Medicago {fig 554) , or 


Fio 553 


Fig 555, 


Fig 556 



Fig 554 





Fiq 653 Ooiled-up of ptut ta ^uhaiq Fiq 654 Snail-like 

leiprume of Medtcago oi'im uJnta Fm 55^ Spiral oi soi o\\ -like lea nim* ot 

Xiiicefiie (^jiJedieaqo') Fit/ 666 Lomentiim ot a species ot Atatiu 


it is coiled up like a caterpillar, as in Scorjpziirus sulcata ( fig 
553) ; or euxwed like a worm, as in Ccc8al27inia coTiar%a , or it 
assumes amumber of other iriegular forms Certain deviations 
from the ordinary structure of a legume are met with m some 
plants ; thus, in Asti agahis K^fig- 422), and Fliaca {fig 423), it 
IS two-celled, m consequence of the formation of a spurious 
dissepiment, which m the first plant 2 )roceeds fiom the dorsal 
suture, and m the latter from the ventral At other times a 
number of spurious horizontal dissepiments are formed, b\ which 
the legume becomes divided into as many cells as there are seeds, 
as in Cassia Ifhsinla {fig 417) Another irregularity also occurs 
in the latter plant, the legume being here indehiscent, but the 
tw o sutures are clearly marked externally Other indehiscent 


jVrORPHOlLOGY OF THE FRUIT AXD SEED 251 


legnmeFi are also met with, as m Aiaeliiz and Ptey ocai ptis^ in 
which there is sometimes no evident mark of the sutnies exter- 
nally* such legumes will, ho^\ever, frequently split into two 
valves like those of a iiesL, if a little pressure be applied as in the 
ordinary process of shelhng peas 

3 The JboTneniitm - — This is a kind of legume which is con- 
tracted m a moniliform maniiei between the seeds, as m JSedif- 
saritm [flq Oyniiliopus^ cxnA Acacia Sopliorrt {fiq 556). It 

is sometimes called a lomentaeeousleqiinte This h nit, together 
with the legume, chaiacteiises the plants of the Lcgumino«»*e 
"When the lomentum is iipe, it commonly sepaiates into as man\ 
pieces as there aie contractions on its surface (^< 7 . 530), 01 it 
remains entire ( -fiq 556) , in the lattei case the seeds aie sepa- 


Fig 557 Fict 558 Fig 550 



F'iq 5S7 Spiral cap^ulo ot a specie** of JMictPie^ Fiq 558 of 

Pimpernel - — Fiq 539 Capsule of a spec*ies ot 

deliiscing’ 111 a septicidal tnciiiiici 


rately enclosed in cavities which are formed the pioduction 
of as many internal spurious dissepiments as there aie external 
conti actions 


PeJii&renf Polycai pellay y Fruits 

1 . The Gwysule is a superior, one- or more-celled, many-seeded , 
diy, dehiscent fruit The dehiscence mav either take place by 
valves, %& m Oolchtcuvi {fiq 513) and Datura {fiq* 618), or by 
pores, as in the Poppy and Antnihznum {fiq 429) ; 01 irans- 
'nersely, as m the Pimpernel {fiq 558) and Henbane {fiq 628) , 
01 only Initially ^ as in Mignonette {fiq 509), Dtantlius (^fiq* 
508), and Dychnis {fiq* 607) When the capsule dehisces trans- 
versely the fruit has received the distinctive name of Pqxis The 
capsiile IS either one-celled as m the Mignonette {fig 509), 
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Heartsease ( ifjq 520), and Grentian ( fir/ 519) , or two-celled as 
in the Sci 02 }^uilat la {fir/ 559); oi tliiee- oi moie-celled, as m 
CoIc7ticii?)t {fig 513), and Datvra ( firj 518) It assumes various 


Fig 560 


Fig 561 



F\q 5b0 Fxuit ot Sanabox-tiee {Jim a ctopitnni) Itib composed ot fitteon 
carpels wliicli separate fiom the axis when iipe, and burst with gicat 

force Fiq 6bl Intenor capsulai hint {tJiploteffm) ot the Ins, opemnpr 

in a loculioidal luannei 


Fig 562 


Fig 503 


forms, some of winch aie remarkable, in Hehciere^ {flg, 557), 
where it is composed of fi\ e caipels twisted spiially together. 

The capsule is a very common 
flint, and is found almost uni- 
versally in many natuial oiders, 
as Papav erace^e, Caiyophyllaceae, 
Piimiilace^e, Scrophnlariacese, Gen- 
tianaceoe, &c , &c 

When a fruit resembles the 
ordinal y capsule m every respect, 
except that it is inferior, as in the 
species of Ins {fig 561) and Gam- 
panula {figs 531 and 532), it has 
received the name of Di 2 )loieg%a* 
In the naiural orders we shall de- 
sciibe such a h'uit as capsular 

2 The Sihqua is a superior, spu- 
riously two-celled, many- seeded, 
long, nairow iruit, dehiscing by two 
valves separating from below up- 
wards, and leaving the seeds at- 
tached to two paiietal placentas, which are commonly connected 
together by a spurious vertical dissepiment, called a rephim {fig 
562). The placentas are here opposite to the lobes of the stigma^ 




F'itj 6C2 Pimt or 
siluiUii ot the 
cr, shou - 
iiig the repara- 
tion of tlie two 
valves fioiu the 

replum Fur 

50 3 Silicula of 
Sheplienl’s I*urse 
( CupsfUa ) 
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instead of alternate, as is usually the ease Examples of tins 
huit occur m the Wallflower {fig 562), Stock, Cabbage, and a 
large number of other CrucifercE 

The siliqua is sometimes contracted in the b^iaces between 
the seeds, like the lomentum, in which case it is mdelnsceut, 
as in Mag^Jianuh aativusy and is then called a lomentiiteouH 
siliqucv 

8 The Silhcida — This fruit resembles the sihqua in e\ ery 
respect except as to its length , and m usually containmg fewer 
seeds. Thus the 6iliqnn ma;^ be desciibed as long and naiiow, 
the bilxcida as broad and shoit Examples occur in the Shep- 
heid’s Purse {iiq 563) and Scui\y-grass 

The sihcula and siliqua aie the characteristic forms of fruit 
in the natural older Ciucifersp 

4. Dijploiegta . — This is the only kmd of mfeiior fruit which 
piesents a diy dehiscent peiicarp It has already been stated 
under the head of Capsule, that the diplotegia ditfeis in nothing 
from it, except in being mfoiior The species of I>is \ fig 561) 
and Campanula {figs 531 and 532) are examples of this fruit. 
The diplotegia may open either by iioies ( fig. 531), \alves {fi(jn 
561), or transversely (fig 529) like the ordinal \ capsule In 
the lattei case, as with the tiue capsule with transveise dehis- 
cence, the friut IS called a Pg ns 

B Spurious Fruits 

1 The Bice) to — There are seveial vaiieties of this foini. 
In all of them the bulk of the fruit is composed of an enlarged 
receptacle oi thalamus on which the carpels are seated. In 
Panuncidus the true huits, which are achenes, aie placed on 
a dry convex receptacle which is not much enlaiged; in the 
Strawberry the receptacle is enlaiged, com ex, succulent, and 
brightly coloured , in Potent tUa and some other Bosaceaa, it is 
enlaiged but not succulent. 

In the fruit of the Rose the achdenia, instead of being placed 
upon an ele\ated thalamus, as m the ordinary etaeiio, are situ- 
ated uiion a concave thalamus, to which the calyx is attached 
(fig 280, r, r). This modification o£ the ordinaiy etaeiio has been 
made a separate frnit by some botanists, to which the name of 
Oyncun hodon has been given. A similar kmd of fruit also occurs 
in Calycanilius 

In the Raspberry (ftg 565) and Bi amble, we ha\e a kmd of 
etserio formed of a number of little drupes, or drupels as these 
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small drupes aie sometimes termed, eiowdecl togetliei upon a diy 
thalamus. 

2 The Pome is an mfeiioi, indehiscent, two- or moio-^lled, 
lew-seeded, fleshy Iruit ; the carpels of which aie papeiy, caiti- 
laginous, or bon;>, and suiionnded by a fie&ln mass, winch is 
genoialU eonsideied to be foimed of the adherent tube of the 
cal>x Some botanists, howe^el, legaid the lie&h> i^oition as 
consisting of the enlai ged end of the llowcr-stalk, in which the 
true carpels aie imbedded Examples may be seen m the Aijple 
( fig 5bb), Peai, Quince {fig 299), Medlar, and Haw^thoin 


Fio 5fU 



Fia 566 Fio 567 



Fi(f 5t»4 Etaiio of tlio StiawbLi]:\, coubibtiiiy oL a 
s'v\olleM succnlent leccptaole on winch aio a nuiiiiiei 

ot achencs Fiff 505 Etffiiio of tiiolhibpbeiiy 

Firf 560 Vei tical section ot tlie pomo oi liuit o± tiio 

Apple (Ptf) m Malus'i Fkj 667 Veitical bcetioii 

ot the balausta oi liuit of the Pomceranate 


C. Anthooarpous or Aggreoated Fruits 

These fruits have been termed Anthocai as they consis 
not onh of the matuie carpels of se\oial flowers united, but 
also usual! \ of the biacts and floial onveloiies in combination 
with them, that i*s to sji\, the whole infioiescencc is blended to 
form the fruit They have been also called Multiple^ Aggregate^ 
and Collect lee fruit h , some botanists also teim fh,^ir).Iufructee~ 
cences or Coyifluent fruits. Such fruits have been likewise 
termed polythalam%c^ to distinguish them from finits formed by 
single flowers, which aie called monothalaonic The following 
have received distinctive names — 

1 The Co7ie is a more or less elongated fruit, composed of a 
number of indurated scales, each of which bears one or more 


MORPHOLOGY OF THE FRUIT AND SEED 255 


naked bcods {Ji() 475) on its inner surface. Tins hnit is seen 
m the Scotch Fu {fig 5(58), Laich, Hemlock Spiiiee ( 218), 

and a gieat man> other x>lants of the order Conifeice, which 
derives its name from tins cmcuinstance Theie aie two \ievv^s 
as to the natiiie of the indurated scales, thus, bj some hotanibtb 
they are legaided as carx)els spiead open, each lepiebenting a 
female tlowei , by ofcheis, as biacts. Othei botanists regard the 
cone as the sjjiu luiis uit oi jjseiitlocarjj of a single flower, and 
not as a collection oi fruits, as here desciibed Some, again, 
make no distinction between a Cone and a Stiobiliis (see Stro- 
bilub) The cone m its joung state has been desciibed Hlread\ 
as a foim of infioiescenee. 

2 The Galbulud. — This fiuitisbut amodification of the Cone; 
diffeimg 111 being moie oi less rounded m form instead of some- 


Fio 568 



668 Cone oi liiut ot the Scotch Fu /Vf/ *5611 Gdlhiilua ui liiiit ot 

tlic Juxupei ws 670 Gdlbiilus oi fimt ot the 

C'vifles'^ sempej mens) 671 Fimt of tlio Tew (^Taxw-i 

hattata)^ suiiouiideO ])y bi act's at the base 


what conical, and in hai mg the heads of the scales much en- 
larged and peltate m form, with the seeds on their iindei surface 
It IS boen in the Cypress (fi(j 570) and m the Jumx-»ei ( ii<j 509). 
In the lattei the scales become fleshy, and are united togetiier 
into one mass, so that it somewhat resembles at fiist sight a 
berry, but its iiatuie is at once seen by examining the apex, 
when three radiatmg lines will be observed coriespondiiig to the 
three fleshy scales of which the fruit is formed, and which aie 
here hut imperfectly united. 

In the Yew (Taxus baceata) (fig. 571) and other plants 
belonging to the Taxacese, an order closely allied to the Coni- 
ferse and Cycadaceae, the bo- called fruit is m reality not a fiiut 
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afc all, as it consists simply of a naked seed, siiiioimded, except 
at the apex, by a fleshy cnp or aiil- 

The Cone must be caiefully distinguished fiom Cone-like 
fmits, such as those ol the Magnolia {fig 511) andLi? %o(lendroih 
The latter aie not co]lecti\e fruits at all, but they consist of 
the matiiie eaipels or follicles of a single fio^\ er, placed upon 
an elongated thalamus 

B. The Sf} oh%luso> St} ohile — The fiuit of the Hop {Hiumilus 
Ituijulm) ( 219) is by some botanists consideied as a kind of 
Cone With nieinbianous scales, to which the name of SUohiluh 
or has been given, but the strobile diffeis cssentiall;v 
from the cone, in haMiig its seed distinctly developed in a caipel 
placed at the base of each scale We distinguish this fiuit, 
therefore, as a distinct kind, undei the above name It should 

also be noticed that the teim 
Btrobilus IS frequently employed 
as synonymous with Cone. 

4. The Sorosis is a collective 
fruit, formed of a number of 
separate floweis fiimly coherent 
into a fleshy ox ptilpy mass with 
the floial axis upon which they 
aie situated Examples of this 
may be seen m the Pineapple 
{-fig 167), where each squaie 
poition lejnesents a flowei , and 
the whole is sni mounted by a 
Clown of empty biacts. The 
Biead-fruit and Jack-fiuit aie other examiiles of the soiosis. 
The Mulberry {fig 572) may be also cited as another well-known 
fruit, which presents an example of the soiosis At first sight, 
the Mulberry appeals to resemble the Kaspberry {fig, 573), 
Blackbeiry, and other fruits of the genus Huhus, but m origin 
and struetme the latter are totally diffeient Thus, as already 
noticed in sxieakmg of the Btcerio, the Easpbeiry and other 
fruits of the genus Rnhus consist of a number of drupes crowded 
together upon a dry thalamus, and are all the jiroduce of a single 
flower But in the Mulberry, on the contrary, each rounded 
portion of which the fruit is made up xs derived from a flower, 
the calyx of which has become succulent and united to the 
ovary , the combination of a number of flowers in this case 
therefore foims the fruit, while in the Baspberry the fruit is pro- 
duced by one flower only 


Fitx 57*2 Fic 573 
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5. The 8 If conns is a collective fruit, formed of an enlaiged 
and moie or less succulent receptacle which bears a number of 
separate flowers The Fig 204) is an example of a syconns 
In this, the flow-ers aie almost entirely enclosed by the enlai*ged 
hollow pear-shaped receptacle, and what aie commonly caDed 
seeds aie in lealit;^ one-seeded fruits resemblmg acheenia. The 
Doistenia {fig 205) is another example of the syconiis, although 
it differs a good deal from that of the Fig in its general appear- 
ance , thus the recexjtacle is less succulent, and only slightly con* 
cave except at its maigms, so that the separate fruits are here 
leadily observed 

All the more impoi tant fr’uits which have been named and 
described by botamsts ha\ e now been alluded to, but in practice 
only a few are in common use — such as the Legume, I>iupe, 
Achene, Follicle, Caryopsis, Siliqua, Silicula, Cap&rile, Nnt, 
Pome, Berry, and Cone This has arisen paitlv from the same 
names having been giA en by difleient botanists to totally distinct 
kinds of fi Lilts, and paitl\ from botanists in many eases pre- 
ferring to describe a paiticulai fruit according to the special 
chaiacteis it presents It is, ho^\evel, much to be legiettetl 
that a comprehensive aiiangement of accurately named and 
well-deflned fruits should not be geneially adopted, as it cannot 
be doubted that, if such weie the case, it would be attended with 
much advantage, and save a good deal of unnecessary desciiption 
and repetition 

The Seed 

We have seen that the seed is a stiuctuie which is peculiar 
to the gioup of Phanerogams or floweimg plants, and have dis- 
cussed the causes winch lead to its formation. There aie several 
morphological featuies of importance connected w ith it which 
still remain for us to consider As the seed is the body produced 
from the ovule in consequence of fertilisation, we see that its 
structure must be comparable with that of the latter It is, 
howeA’^er, much more complex because it contains the whole of 
the gainetophyte of the plant together with the new sporojihyte 
to winch the latter gives oiigin The latter is the body com- 
monly called the embryo We may have thus three distinct 
generations represented in the seed 1 The remains of the 
original macrosporangium, or the nucellus of the ovule with its 
integuments The latter are frequentlv the only pait of this 
generation lemamiug, the nucellus itself liaMug disapx“)eaied 
2 The gametophyte, consisting of a mass of tissue called tho 

VOL. I S 



258 


MANUAL OF BOTANY 


endosperm developed inside tire spore or embryo -sac. This 
again is frequently only represented very slightly, or it may be 
altogether absent, having been absorbed by the embryo The 
new sporophyte, or embryo, which may be small and embedded 
in the endosperm, or maybe large, fiUing the embryo-sac, having 
absorbed the endosperm during its development If the nucellus 
has been absorbed during the giowth of the embryo -sac, the 
seed may present to view only the embryo, enveloped in the 
modified origmal integuments of the macrosporangium or ovule 
Like the ovule, the seed is either attached directly to the 
placenta, in which ease it is described as sessile , or by means 
of a stalk, called the fumculus or fumcle 
{figs. 61% fi and 574, /), when it is said 
to be stalked, its point of attachment is 
also termed the hilum The position of 
this hilum may be commonly seen on 
seeds which have separated from the 
funiculus or placenta, by the presence of 
a scar, or a difference of colour to the 
suiioundmg integument. The hilum 
vanes much in size, bemg sometimes very 
minute, or in othei cases extending for 
some distance over the surface of the 
outer coat of the seed, as in the Horse- 
chestnut and Calabai Bean The hilum, 
as in the ovule, indicates the base of the 
seed. The chalaza is well seen m the 
Orange, and commonly m all anatropous 
seeds, m which case also the raphe may 
be generally noticed forming a projection 
on the face of the seed 

The mieropyle also, although smaller 
and less distinct than in the ovule, owing to a conti action of 
the surrounding parts, may be frequently observed on the seed 
{fig 574, m ) , its detection is of some practical importance, as 
he radicle, 7, of the embryo, with a few exceptions, is directed 
towards it 

The terms ortJiot) ojaous, cam^ylotro^^ous, anatropous, &c , 
are applied to seeds in the same sense as to ovules , conse- 
quently the hilum, chalaza, and mieropyle have the same rela- 
tions to one another m the seed as m the ovule. Thus the 
hilum and chalaza are contiguous to each other in an orthotro- 
pous seed, and the mieropyle is removed to the opposite end , in 


Fig 574 



574 The seed of a 
Pea, witli its lutegai- 
ments lemoved on one 
side pi Placenta / 
Puniculns 'tap Raphe 
c?i Chala/xi in ]VIi<.io- 
p>le te Te&c.i or epi- 
speim e Eiidoplema 
01 tegmen Tlie pait 
Within the endopleuia 
lb commoiiU called the 
nucleus, ot tlie seed, and 
IS torined of cot^ le 
dons, c, gommtile oi 
plumule, (j, ladicle, 
and t btalK or tif?elluni 
between the plumule 
and ia<licle 
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a campylotropoTis seed the hilum and chalaza are also near to 
each other, and the micropylo is brought round so as to ap- 
proach the hilum , in an anatropoiis seed the chalaza is placed 
at the opposite end to the hilum, while the micropyle and 
hilum are close together , m amphitropous seeds the chalaza 
and micropyle aie both removed from the hilum, and placed 
transv ersely to it 

Almost all seeds, hke ovules, aie more or less enclosed in a 
pericarp, the only real exceptions to this law bemg in Gymno- 
spermous plants, as already referied to under the head of the 
Ovule , and hence the division of Phanerogamous plants, as 
already noticed, into the Gymnospermia and the Angiospermia. 
The means of distinguishing small fruits ftom seeds have been 
also already described 

In describmg the position of the seed m the finnt, the same 
terms are used as already mentioned under the head of the 
Ovule. Thus a seed may be erects 'inverse, jpendulous, sus- 
pended, ascending, dc The number of seeds contamed in 
the finiit or pericarp is also subject to variation, and corre- 
spondmg terms are employed accordmgly , thus we say the 
fruit or pericaip is 'tnonospermoua, hispeimotis, ty'ispermous, 
gaadrisper'inoiLS, quinquespermous, 'multispermous, dc ; one- 
seeded, two-seeded, three-seeded, four-seeded, five-seeded, 'many- 
seeded, dc 

Having now alluded to those characters which the seed 
possesses in common with the ovule, we pass to the considera- 
tion of its special characteristics 

Forms op Seeds. — Seeds vary much m form, and, in de- 
scribmg these vaiiations, similar terms are employed to those 
used m like modifications of the other organs of the plant Thus 
a seed may be rounded, as m the Nasturtium ifig- 575) , ovoid, 
as in JPoZygala (fig 585) ; oval, as in AscZepzas (fig 581) , ob- 
ovoid, as m DeZpJiimum (fig 577) , reniform, as in Papaver 
(fig 576), &c , &c 

Structure of the Seed. — 1 The iNTEauMENTS or Coats. — 
There are two seed-coats or integuments. These have been 
variously named by botanists, the teims employed m this 
volume, and those most frequently used, aie, testa or epzspe'rm 
for the outer coat , and teginen or e7idopZeura for the inner 

a. Testa, Bp'isper'm, or Outer Coat (fig 674, te) — This in- 
tegument may be either formed of the primme of the ovule 
only, or, as is more frequeni>ly the case, by the combmed 
primme and secimdme. The testa in some seeds, as m those of 

fe a 
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Acant}iod%um, has m addition a coatimg of hair-like cells which 
are pressed closely to the surface of the seed b> a layer of 
mucilage, hence if such seeds be moistened wuth wat^, the 
mucilage w hich confines them becomes dissoh ed, by which the 
hairs are set fi*ee, and then branch out m eveiy dneotion. 

Colon} ^ Texture^ and Siuface of the Testa. — In coloui, the 
testa is generally of a brow n or somewhat similai hue, as m the 
Almond, but it hequently assumes other colours , thus, in some 
Poppies it IS whitish or yellowish, m others black, in Indian 
Shot iCanna) and Paeony also somewhat black, in the Arnatto 
and Barriearii (Adeji aotthey a) red, in French Beans and the 
seeds of the Castoi-oil jilant beautifully mottled, and \arious 
other tints may be observed m the seeds of difieieiit plants 

The testa also varies in tevtuie, being eithei of a soft nature, 



Fi,f7 575 Bounded seed ot tlie Wa-terciess iSahiu7tiuni opt(..nalo'} The 

testa IS rcticiilated oi netted Piq 67b Bcnifoim seed of tlic Popi)\ 

), wi til an .ilveolato oi pitted testa Fuf 577 Obovoid seed ot 

tlie Lnikspui (Oelphimum'), tlic testa ot winch is maiked with iidges and 

furious Fig 57fe Seed ot duckweed {Stella ) the testa ot which is 

tuberculate<l 


or fleshy and succulent, oi inoieoi less spongy, oi membianous 
or coriaceous, or, when the interior of its cell- walls is much 
thickened, it assumes vaiious degrees of hardness, and may 
become woody, crustaceous, &e 

The surface of the testa also jiresents various appearances, 
and IS often furnished with different appendages Thus it may 
be smooth, as in Adenanthei^a ^ oi wiinkled, as m Niqella; 
striated, as m Tobacco , marked with ridges and furrows, as 
m DeVplitmu'in {fq 577) , netted, as m Nastiotium {fig* 575) ; 
alveolate or pitted, as in the Popp> {fig* 576) , tuberculatod, 
as m Chiokweed {fig 578) , ^pmy, as in the Mulberiy, &c 
The testa of some seeds is also hirmshed with hairs, which 
may either cover the entire suiface, as m the various species 
of Gossypiitm where they constitute the material of so much 
value called Cotton, and m the Silk-cotton tree {Bomhax) , or 
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they may be confined to certain points of the surface, as in 
the Willow {-fig 582), Ascle^ias Kfig> 581), and Bpilobium 
{fig •87). In the latter cases the tufts of hairs, thus confined 
to certain points of the testa, constitute what is called a coina^ 
and the seed is said to be comose. 


Fio 579 



Fig 580 


Fig 581 


Fig 582 


Tt^r 579 Socd of a ot Puntt, with a wingul ap- 
pend icyc, JTuf 5S0 IMufirinxte i>r hoidcxed seed of 

feaiidwort (Aroia/ia) Fia 5sl Comose oril ‘•ced of 

Asclt'PiU'^ Pit/ 682 Comoro seed ot a ‘*pccie«4 of Willow 

t ) 


Other seeds, again, have winged appendages of various 
kinds, thus, in the Sandwort (fig 580), the testa is prolonged, 
so as to form a flattened margm to the seed, which is then de - 
scribed as marginaie or 6o? dered , while m the seeds of the Finns 
(fig 579, iv), Gatal^a, 



JSignoma, Swiefe7iia, 

Mo)^nga, &g , the testa 
forms wings, and the seed 
IS said to be winged 
These winged seeds must 
be carefully distinguished 
from samaroid fruits, such 
as the Ash, Elm, and 
Maple {fig 542), where 
the wing IS an expansion 
of the pericarp instead of 
the testa In like man- 
ner, hairy seeds should 
not be confounded with pappose fruits, such as those of the 
Oompositse, Dipsaceae (fig* 294), and Valerianacese {fig- 293), 
where the hairy processes belong to the calyx 

Beneath the testa, in anatropous seeds {figs 588, k, and 


Fiff 683 Young ana- 
tropous seed of the 
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574, and the modification of these teimed ampli^tropo'ua^ 
the raphe or vascular cord connecting the hilum with the 
chalaza is foxmd. Its situation is frequently indicated by a pro- 
lectmg ridge on the suifaee of the seed, as in the Orange, while 
at other times it hes m a furrow formed in the substance of 
the testa, so that the surface of the seed is smooth, and no 
evidence is afforded externally of its position. 

The testa is also usually marked externally by a scar indi- 
cating the hilum or point by which it is attached to the funi- 
culus or placenta. The micropyle, as already noticed, may be 
also sometimes seen on the surface of the testa, as in the Pea 
{fig, ^14, on) , but in those cases where no micropyle can be de- 
tected externally, its position can only be ascei tamed by dissec- 
tion, when it will be indicated by the termination of the radicle , 
this being directed, as already alluded to, towards the micropyle. 
In some seeds, as m the Asparagus, the situation of the micro- 
pyle IS marked by a small hardened point, which separates like 
a little hd at the period of germination this has been termed 
the e'mbryoteg%a. 

On removing the testa we observe the raphe, which fre- 
quently ramifies over the inner coat, and where it terminates it 
constitutes the chalaza {figs 583, c/?, and 574, cl\) The structure 
and general appearances of these different parts have been already 
described. 

b Tegrtien^ l£ndopleura, or Inieojial Coat {fig 574, e) — The 
inner membrane or coat of the seed is essentially parenchy- 
matous like the outer In many cases, however, it seems to 
be altogether wanting, which probably arises from its com- 
plete incorporation or adherence to the testa Sometimes the 
embryo-sac in the ripe seed remains embedded in the sub- 
stance of the nucellus {fig 588), and remains in the form of a 
bag or sac which envelops the embryo, as in the Nyynphseacese, 
Piperaeeae, and Zingiberacese 

"When clearly distinguishable the tegmen is generally of a 
soft and delicate nature, although sometimes it is of a fleshy 
character either entirely or m part It is usually of a whitish 
colour, and more or less transparent This layer is closely ap- 
plied to the kernel of the seed, which it accompanies in all its 
foldings and windings , and m some cases e\ en dips down into 
the latter, and thus divides it more or less completely into a 
number of parts, as in the Nutmeg and Betel-nut {fig 589,^). 

Arillus, — Besides the two integuments described above as 
those that are usually found m all seeds, we occasionally find 
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on the surface of some seeds an additional integument, which is 
generally of a partial nature 583, a, a), and to 'which the 
nameinof arillns or arH has been given. No trace of this structure 
is present m the ovule till after the process of feitilisation has 
taken place Two kinds of aril ha'^e been described, wdiich 
have been respectuely called the ttneaiillusy and the false 
ay hlliLs or ai illode. These have an entirely different origin , 
thus, the true ai illus arises m a somewhat similar manner to 
the coats of the o\ule already described, that is to say, it 
makes its first appearance around the hilum in the form of 
an annular process derived from the placenta or funiculus, and 
gradually proceeds upwaids, so as to produce a more or less 
complete additional covering to the seed, on the outside of the 
testa This arillus is well seen m the Nymph cea {fig 588, A, a) 

Fig 584 


12 3 4 



Fiq 684 Progressive development of the aiiUotle in the seed of the Spindk- 
{Euonymiis) a Anllode f Fnmculus 1, repiesents the > onngest 
seed , 2 and 3^ the x^rogres!si\ e development of the anllode , 4, the oldest 
ami tuUy developed seed 

But the false artllus or aT%llode arises from the micropyle, 
and seems to be a development or expansion of the exostome, 
which gradually extends itself more or less over the testa to 
which it forms a covering, and after thus coating the seed, it 
may be even bent back agam so as to enclose the micropyle 
The gradual development of the ariUode m the seed of the 
8pindle-tree is well shown m fig 584. In the Nutmeg, the 
arillus origmates firom both the hilum and the micropyle, it 
forms a scarlet covering to the testa, and is commonly known 
in commerce, when dried and preserved, under the name of 
mace 

Caruncules or Stroph'ioles — These are small irregular pro- 
tuberances which are found on various parts of the testa They 
are always developed, like the arillus and anllode, subsequent 
to fertilisation, and are accordmgly not found in the ovule* In 
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the Milkwort f iiq* 585) they are situated at the base or hilum 
of the seed , in the Asaiabacca 586) and Violet on the side, 
in a line with the raphe , while m the Spurge they aie j^laced 
at the microp^le Some wi iters consider these caruncules as 
forms of the aril, of which they then distinguish four varieties, 
namely — 1 The i'iite aniUiis, as in NyminlioRa {fig 583, a, a) , 

2 The ai illode or micy^opylar ai illus, as m JSuomjmus ( fig 584) , 

3 The rcuduan aiilUis^ m Asayum {fig 586), and 4 The 
chalcusal ayvlliis, as in ^^ilobvinn {fig 587), where the tuft of 
hairs at one end of the seed is regarded as an aril. Other 
wi iters again paitially adopt these views, and define the carun- 
cules as little protuberances giowmg from the laphe, and 
theiefore oiiginatmg independently of the funiculus oi micro - 


Fig 585 


Fig 587 



Fi*i 585 Oroid seed of Milkv^oife a caiiinculo at its base* 

or Inlum Fiq 586 Seed ot Asaitibacca (Aia/ uw)<> 'vvitli a caiuiiculo ou 

the side, \n1iic1i IS called by some a rapliiaii arillus Fir/ 587 Section 

of the comose seed ot MpiJohmm The tutt of haiti- pioce^ses is some- 
time-a called a chala/al ai illus 


pyle , hence the caruncules of Milkwort and Spurge would be 
regarded as true or false arils according to their respective origins, 
and the appendages of Asarabaeca and Violet would be true 
caruncules Other botamsts agam, mstead of using the two terms 
strophioles and caiuncules as synonymous with each other, aiiply 
the foimer term only when the processes proceed from the hilum, 
and the latter to those coming from the micropyle Altogether, 
there is a great diffeience of opinion among botanists as to the 
application of the terms caruncules and strophioles. 

2 The Kernee {fig 583, n) — We have seen that the 
substance of the seed is morphologically very complex in 
its nature. We may or may not have the substance of the 
nueellus or part of it remaining. In the seed this, when 
nesent, has received the name of the periaperm W^ Iia*ve 
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next the embryo -sae or maciospoie In this theie may be 
a solid mass of tissue, known as the endosj^e} m, being pait of 
the § 5 p.metopliyte. Embedded in the endospeim is the body 
produced by the development of the fertilised oosphere, winch 
is called the emhiijo. In other cases the embryo, by absoibing 
the nourishment contained in the endospeim, obhterates the 
lattei and comes to occupy the whole mteiior of the embr^o- 
sae Then the kernel of the seed consists of the embryo or 
young sporoph^te, which m rare eases is suriounded by a layer 
of peijspeim, but is geneiall^. only covered by the integuments 

To the tissue w’hieh thus sometimes lemains and forms a 
solid mass round the embryo, the name of albumen has been 
commonly applied , but it is preferably designated as the 
Bjieim or endosperm aecoidmg to its origin as described abo've 
Both endosperm and perispeim may be seen in the Nymjjlicea 
583 and 588). The general name of alhumen will be alone 
usually employed m future m this w’oik, as it is the one 
best xmderstood, and so long as we leeollect its oiigin and 
nature, the adoption of such a name can lead to no confusion 

From the above considei ations it will be evident that the 
kernel of the seed may either consist of the embryo alone, as 
m the Bean and Pea {fig 574) ; or of the embryo enclosed in 
albumen^ as m the Poppy {fiq 601), Pansy {fig 600, <xZ), Oat 
{fig» 541, a), and Nymplicea {fig 588). "We have two parts, 
therefore, to describe as constituents of the kernel, namely, the 
albumen and the embryo. 

a. Albumen^ Mndo^peim^ Pe^isperm. — Those seeds winch 
have the embryo surrounded by albumen, that is, by either endo- 
sperm or perisperm, or both, aie said to be albuminous , while 
those m which it is absent aie cxalbinmnoiis The amount of 
albumen will m all cases, as described above, be necessarily m 
inverse proportion to the size of the embryo. 

The cells of the albumen contain \arious substances, such 
as starch, albummoids, oily matters, &e , and thus act as 
reservoirs of nutriment for the use of the embryo during the 
process of germination The varying contents of the cells, 
together with certain differences in the consistence of then 
walls, cause the albumen to assume different appeal anees m 
ripe seeds, and thus frequently to afford good characteristic 
marks of different seeds Thus, the albumen is described as 
stm cJiy^ or farvnaceous, when its cells are filled with 
starch-granules, as in the Oat and other Cereal grains; it is 
said to hQ fleshy, a§ m th^ Ba:pberry and Heartsease, wheji its 
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walls are soft and thick , or when its cells contain oil-globules, 
as in the Poppy and Cocoa-nut, it is o%ly , or when the cells 
are soft, and chiefly formed of mucilage, as in the Mallowc it is 
ntnuc%lag%novj^ , and when the cells are thickened by layers of 
a hardened nature, so that they become of a horny consistence, 
as m the seeds of the Vegetable Ivory Palm and Coifee plant, 
the albumen is desciibed as Jiorny These different kinds of 
albumen are frequently more or less modified m different seeds 
by the admixture of one with the other 

G-eneially speaking,* the albumen also presents a uniform 
appearance throughout, as in the seeds of the Vegetable Ivory 
Palm , but at other times it is more or less separated into dis- 
tinct compartments by the folding inwards of 
the tegmen as already described In the 
latter case the albumen is said to be rumi- 
nated, as in the Nutmeg and Betel-nut (Jzg 
589, p) 

b The jEmh'i yo is the rudimentary plant, 
and IS therefore necessarily present in all true 
seeds , it is developed jBrom the fertilised 
oospliere in the embryo-sac The embryo 
being the rudimentary sporophyte, it is neces- 
saiily the most impoitant part of the seed, 
and it contains within itself, m an undeveloped 
state, all the essential parts of which the 
latter is ultimately composed. Thus we dis- 
tmguish, as already noticed, three parts in the 
embryo , namely, a ? adtcle, plumule, and one 
or more cotyledons. These parts may be 
readily recognised in many seeds , thus in the 
embryo of the Lume {fig 590), the lower portion, r, is the 
radicle, from which the lOot is developed, the t^o expanded 
lobed bodies above, c, c, are the cotyledons ; and between 
these the plumule is placed In the Pea, again {fig 16), the 
two fleshy lobes, c, c, are the cotyledons, between which there 
is situated a little axis, t Uigellum), the upper part or bud- 
like poition of which is the plumule, n, and the lower part, 
r, the radicle Plants which thus possess two cotyledons 
in their embryo are called Dicotyledonous. But there aie 
plants in which, as already noticed, there is commonly but 
one cotyledon present {figs 541, c, and 591, c), and which 
are, accordmgly, termed Monocot/yledonous. In rare in- 
stances, however, a monocotyledonous embryo has more than 


Fig 588 
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one cotyledon, and then the second cotyledon alternates mtii 
the first, instead of being opposite to it, as is invaiiably the 
case yith the two cotyledons of Dicotyledonous plants. By 
the difference thus presented in the embryos of Angiosperms, 
as already described in the first chapter, these plants are 
divided into two great classes, called respectively Dicotyle- 
dons and MonocotyledoTis In the Gymnosperms there are 
often several cotjdedons, so that the embryo is described as 
^olycotyledonous^ 

(a) The MonocotyJedonoiis ‘Emhryo . — The parts of the mono- 
cotyledonous embryo aie in general by no means so apparent 
as those of the dicotyledonous Thus the embryo at first sight, 
externally, usually appears to be a sohd undivided body of a 
cylindrical or somewhat club-shaped form, as in Tr^iglochin (fig* 
593) , but if this be more carefully examined, a little slit, fi or 


Pig 589. 



Fiii 589 Vertical section of tlio 
fruit of the Betel-nut Palm 
(^Aieca CiUethti) e Kemains 
of perianth f Pencarp p 
Buminated albumen of the seed 

e Embryo Fig 690 Embryo 

of the Lime-tree (Ttha euro- 
peso) e, c Cotyledons, eacli 
ivith five lobes arranged in a 
palmate manner ? Radicle 


Fig 590 



chink, will be observed on one side near the base , and if a \ er- 
tical section be made parallel to this slit, a small conical projec- 
tion will be noticed, which corresponds to the plumule’ and 
now, by making a horizontal section, the cotyledon will be 
noticed to be folded round the plumule, which it had thus 
almost entirely removed from view, only leaving a little slit 
corresponding to the union of the margins of the cotyledon , 
this slit thus becomes an external indication of the presence 
of the plumule In fact, the position of the cotyledon thus 
rolled round the plumule is similar to that of the sheaths 
of the leaves in most Monocotyledonous plants, which thus, 
in a similar manner, enclose the youug growing parts of the 
stem. 

In other monocotyledonous embryos the different parts are 
more manifest, thus, m many Grasses, as, for instance, the 
Oat (fig 541), the cotyledon, c, only partially encloses the 
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plumule, and radicle, r ; and thus these parts may be readily 
observed in a hollow space on its surface {fiq* 540) 

The inferior extremity of the radicle is usually rcvmded 
{■fiq 593, ?), and it is through this pomt that the rootlets, r, 
burst in germination {fig 591) The radicle is usually much 
shorter than the cotyledon, and generally thicker and denser m 
its nature , but in some embryos it is as long, or even longer, in 
which case the embryo is called oivacropodous, 

(b) The D%eotijledo'noit8 Bmhi ijo — These embiyos vaiy very 
much m form . most frequently they are more or less oval, as 
in the Bean and Almond (/?y. 594), where the embiyo consists 
of two nearly equal cotyledons c, between winch is enclosed a 


Fig 591 


Fig 592 Fio 593 




Fig 641 Q-eiimii.itinpr cmbr\o of the Oat ? Rootlets 
conuug throug-h sheaths, lo t Cotyletlon g Young 

stem Fig 692 Veitieal section ol n uiatiuooaii>t I ol 

a species of TugloeJiin p Pciicaip ? Stigma g Seed 

/ Raphe f Fuiuciilus c Chala^a Fitj 693 Rmbryo 

of Tnglothin / R«xdicle f Slit conespouding to the 
plumule c Cotyledon From Jussieu 


small axis or Hqellum, t, the ujipei part of which, g, is the^Zw- 
rmde^ and the lower, r, the radicle The tigellum upon germina- 
tion appears as a little stalk, supporting the cotyledons, and 
hence it is also termed the hypocotyledonary ax%8 

In by far the ma]onty of cases the two cotyledons are nearly 
of equal size, as in the Pea {fiq 16, e, c), but in some embryos, 
as m Trapa^ some JEC^rceas^ &o {fig* 595, o', c), they are very 
unequal Agam, while the cotyledons usually form the greater 
part of the embryo {fiq 16, c, c), m other instances, as in Pehea 
hutyrosa (fiq 597, c), they form but a small portion In Carapa 
{fig* 596), again, the two cotyledons become united more or less 
completely intp onp body, so that the embryo appears to be 
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monocotyledonons , but its natme is readily ascertained by the 
diffexent position of the plumule in the t'wo cases ; thus, in the 
monocotyledonous embryo the plumule is situated ]ust below 
the surface {fiq* 541, g) ; but heie 596), the plumule, <7, is 
between the cotyledons. The cotyledons are sometimes alto- 
gether absent, as in Cuscuia 

(c) TJie Polycoiyledonous Mnibryo. — In the G;y mnosperms, 
as already mentioned, there are often seveial cotyledons, and 
this ma;v either occur as an irregulai chaiactei, or as a regular 
condition, as in many Conifeiae [fiq^ 598, c ), where we frequentlv 
find SIX, nine, or e\en fifteen, hence such embryos ha\e been 
teimed polycoiyledonous. In all cases where the number of 


Ficr 594 jPig 597 



Fi(/ 591 The emhivo ul the Almonu iPtunuH Ainyffidl t\om which 
one ot the cot 5 le<lons has. been removed c The cotyledon winch ha*? 
been lett 7 Radicle tf Plumule t Tigellum Scar left bv tliu 

removal ot the other cotyledon Fig 695 Tertical section ot the 

embrjo of a bi)ecies of //i/cm c* Large cotrle<lon c Small cotvdcdon 

g Flumu'e 7 Radicle Ftg 60b Teitical section of the embi\o of 

Caiapa gutanemi% ‘showing the almost; complete union ot the eoUledoiis 

the line, c, only dividing them ; Radicle ft Paimule Firf 697 The 

embi\o of PeXeu butitrosa t Large tigclliim t lludimeiitaiv cot>le 
dons 


cotyledons is thus more than two, they aie ai ranged in a whorl 
{Jig 598, c). Taxus^ the Yew tree, has only two cotyledons. 

When no albumen is present m the seed the cotyledons aie 
usually thick and fleshy, as those of the Bean and Almond {fig 
594), m which case they aie teimed fleshy , in albuminous seeds 
they are thm and leaf-hke, as m the Lime {fig 590, c, c), when 
they aie said to be foliaceous The foliaceous cotyledons are 
frequently juovided with ^ems, and stomata may be also some- 
times obser\ed on then epidermis, but these stiiictures aie 
rarely to be found in fleshy cotyledons Fleshy cotyledons 
seive a similar purpose to the albumen, by acting as reseivoirs 
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of ntitritiOTis matters for the use of the young plant during 
germination ; hence, when the albumen is absent, the cotyle- 
dons are generally proportionately increased in size 

The cotyledons of Dicotyledonous plants are commonly 
sessile, and their margins are usually entire, but exceptions 
occur to both these characters ; thus, in Gei ammn mnolle (Jig 
599, 2^) they are petiolate , while m the Lime {fig 690, c, c) they 
are distinctly lobed , and in the G-eranium (fig 599, c) they are 
also somewhat divided or lobed at their ends They also vary 
m their relative positions to each other Generally they are 
placed parallel, or face to face, as in the Almond (fig 594), Pea 
(fig 16), and Bean , but they frequently depart widely from 
such a relation, and assume others similar to those already 
described in speaking of the vernation of leaves and the aestiva- 
tion of the floral envelopes Thus 
Fig 598 Fig 699 each of the cotyledons may be 

either reclvnate^ condujplicate, 
convolute, or cvrcxnate These 
aie the commoner conditions, 
and in such instances both coty- 
ledons are either folded or rolled 
poiycotyiedonous em the same diiection, so that 

bpo of a species ot they appeal to form but one body , 

beginning to ^ „ _ _ _ ' 

geiminate c Oot^ie- oi m rare cases the3" are folded m 

'rlgeiiiim — opposite directions, and become 
The embr>o of eqmtant Or ohoolnte , oi other 

rSs'eiohotvOu/h Still more oomphoated arrange- 
IS somewhat lobed, ments may occui. 
and furnished w ifcli a rnj. i. l nt 

petiole, p ) Kadicie The position of the radicle 

in relation to the cotyledons is 
also liable to much variation Thus the radicle may follow 
the same direction as the cotyledons, or a different one In the 
former case, if the embryo be stiaight, the radicle will be more 
or less continuous m a straight line with the cotyledons, as in 
the Pansy (fig 600, r) , if, on the contrary, the embryo is 
curved, the radicle will be curved also (fig 601), and sometimes 
the curvature is so great that a spiral is formed, as m Bu 7 i%m 
(fig 602) In the latter case, where the direction of the coty- 
ledons and radicle is different, the latter may form an acute, 
obtuse, or right angle to them , or be folded back to such an 
extent as to he parallel to the cotyledons, m which ease the 
radicle may be either applied to their margins, as in the Wall- 
flower (fig 604, r), when the cotyledons are said to be accwnibent ; 
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or against the back of one of them, as in Isatvs {Jig 60S,r), when 
they are termed %ncumhent 

lielaHon of the JUrnbryo to the other Parts of the Seed^ and to 
the Pruvt — In the first place with regard to the albumen. It 
must necessarily happen that when the albumen is present, the 
size of the embryo wil] be m the mverse proportion to it , thus 
m Grasses {fig* 541, cl) we have a large deposit of albumen and 
but a small embryo, while m the Nettle {fig* 605) the embryo 
is large and the albumen very small The embryo may be either 
external to the albumen {figs 541 and 608), and thus in con- 
tact with the integuments, as in Grasses, m which ease it is 
described as external^ or it may be surrounded by the albumen 
on all sides, except on its radicular extremity, as in the Pansy or 
Heartsease {fig 600), when it is vnternat 


Fig 600 Fig 601 Fig 602 



F%q 600 ’Vertical section of the seed of the Paiisj- or Heartsease h 'FTilnm 
pi Embryo with its ra'hcle, r, and cotyle<lons, co ch Chalaza al 

Albumen ra Haplie The embryo is erect oi homotropous Fiq 601 

Vertical section of the see<l o± the Poppy, with the embryo sliglitlT 

curved in the axis of albumen Fig b02 Vertical section of the seed of 

Hamas, showing its spiral embiyo 


The embr^-o is said to be axzle or artaZwhen it has the same 
direction as the axis of the seed, as m Heartsease {Jig 600, pV) ; 
or when this condition is not comphed with, it is ah axzle or 
eccentizc, as in Pumex {fig 606, pi) In the latter case, the 
embryo is fiequently altogether on the outside of the albumen, 
and directly below the integuments, as m Mzrabzlzs Jalap a 
{fig 607, e) and Liychms {fig* 608, em6), when it is described as 
peizpheo zeal 

We have already observed that the radicle as a general 
character is turned towards the micropyle {Jig 606, ), and the 
cotyledonary extremity is then directed to the chalaza, ch Some 
apparent exceptions to these relative positions occur m the 
Euphorbiaceae and a few other plants ; but such are merely acci- 
dental deviations arismg from certam trifling irregularities in 
the course of the development of the parts of the seed 
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■While the relation of the radicle and cotyledonary poition is 
thus seen to be generally constant, it must iiecessaiily happen, 
from the varying relation which the hilmn beais to the nncro- 
pyle and chalaza, that its i elation to the radicle and^ coty- 
ledonary poition of the embij’o must also vary m like mannei. 
Thus m an oithotropous seed, as Humejr {fig 606), the chalaza 
and liilum coincide with each othei, and the ladicle is then 
turned towards the apex of the seed, and the cotyledonary 
portion to the chalaza and hilum , m this case the embiyo is 
said to be antiirojpoua or ^nve} ted {figs 476 and 606) In an 
anatiopous seed, as Heartsease {fig 600), wheie the mieropyle 
IS contiguous to the hilum, and the chalaza, e7i, at the 

op230site extiemity, the radicle, 
will point towards the hilum or 
base of the seed, and then the 
embiyo is said to be eject or 
homot) opotis. In a campy lotro- 
pous seed, where the chalaza and 
mieropyle are both near to the 
Inluin, as in Lrjclmis {fig 608), 
the two extremities of the ein- 
biyo, which in such cases is 
geneiallyx>eiipheiical, become also 
ajjpioximated, and it is said to be 
amjpli%iyoiJov8 Thus, when we 
wish to know the direction of the 
embiyo, by ascertaining the iiosi- 
tion of the hilum, chalaza, and ini- 
croiiyle, it is at once evident 

We ha\Q now lastly to explain 
the diiferont terms which are in 
use to expiess the relations which the embiyo bears to the 
cavity or cell in which it is placed We ha-ve already described 
the terms used in defining the position of the seed to the same 
cavity (see page 259), which we found might be either erect, 
inverse, suspended, pendulous, ascending, or horizontal, in the 
same sense as iireviously mentioned when speaking of the o'suile 
(page 212) But as icgaids tho radicle tins is s«iid to bo 
sniyci^oj or ascenduu), ns in the Nettle {fig <>05, '0 and 
(/7c/ 606, ;), when it is diioctod tow aids the ape\ of tho cell or 
peiicaip ; %nferLQj oi descending when it points to the b<ise , 
cent) ipctal turned mwaids towards the avis or coutro, and 
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centrifugal when it is turned towards the sides The above 
relations of the embiyo to the otliei parts of the seed and to 


Fig GOG 



Fifl 606 Vertical section ot the iruit ol tin Nettle, containing a single 
seed t Integuments of the «ttd pi Flar eiita ? Radicle st Stigma 

Ftg 60b Vertical section ot the fiuit ind solitai\ erect orthotropou® 

seed of the Dock (Rtimej) ov Peiicarp mu Micropyle p7 Embnt» 
Inch IS inverted or antitropou'^^ and turm d tow ards one side ot the albu- 
men, €tlb th Ohalaza ? Radicle Vm 607 Vertical section of tlie 

carpel of Mmahilis Jnlapa^ concaiiung one seed a Pericarp s St\le 
e Penpheiical embryo -with its railiele, ?, and cotyledons, e p Albu- 
men t Integuments of the seed Fig Vertical section of the seed 

of Lychm^t dtoua te Integuments emb Embryo on the outside of the 
albumen, alb. The embryo is amphitropous 


the cavity or cell in which it is placed, are sometimes of much 
practical importance 
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ANATOMY OF PLANTS. 


OHAPTEB I 

THE VEGETABLE CELL 

Ip we study the life-history of the simplest or the most complex 
plant with which we can become acquamted, we find that at 
some time or other in its existence it is found in the form of a 
minute portion of jelly-like substance, in some cases motile, m 
others incapable of locomotion The gametes which gi\ e rise to 
the form we have de- 
scribed as the sporo- 
phyte are such httle 
naked masses. In the 
lowest plants, such as 
VlotliT%x {fig 609 ), 
these are ovoid bodies, 
furnished with long 
narrow appendages, by 
means of which they 
swim actively about in 
water The zoospores 
of m*any other Algae 
are similar in struc- 
ture The jell>-like 
substance of which they are composed is capable of carrying 
on all the processes of their hfe, and is, in fact, the Uwng sub- 
stomce , it IS called proto^plas'in. Many of the small reproductive 
bodies already described differ from these free -swimming organ- 
isms in having the protoplasm clothed by a thin almost struciiure- 
lees membrane which the living substance forms round itself. 
We have in these two parts, one livmg, the other non-hvmg. 
All such structures are known as *cells. 

When one of these cells has existed for a time, it becomes 


Fig 609 



Fxg 609 Part of a filament of Olothinas from 
'Winch, the gametes, are escaping, Pree 
gamete gT, g* Gam^i^ conjugating. 
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septated mto two by the foimation of a partition w^all of the 
same substance as the membiane which clothes it, the septum 
being formed by the protoplasm in the same way as the original 
membiane Usually the two cells aiising from such septation 
remain connected with each other; each in turn gives use 
to another in the same 'wa^’, and by the continuation of this 
process we get a mass made up of a numbei of cells These 
strucbuial units aie not, however, completely distinct, for the 
protoplasm of each is in connection with that of its neigh- 
bour by delicate filaments 
Fia 610 which penetrate the septa, or 

cell-walls, so that the living 
substance of such a mass is oi- 
gamcally continuous through- 
out, being supported by the 
membranes which it has 
formed, which constitute in- 
deed a kind of skeleton. 

A section through such a 
mass shows the appearance of a 
numbei of chambers, each occu- 
pied by a poition of the living 
substance It needs a ^eiy 
high magnification to distin- 
guish the connecting thieadsor 
strands, which are of extreme 
tenuity (yzys 610 and Oil) In 
general, we may say then that a 
plant IS built up of an aggrega- 
tion of such cells Some plants 
do nob always form the dividing 
septa, so that m them we have 
many pieces of protoplasm, or 
2 ^roiopla 8 t 8 , connected closely 
with one another, and having only a common membrane or cell- 
wall surrounding the whole Others form relatively few septa, 
go that each division of the plant-body contains many proto- 
plasts, Usually each protoplast occupies a separate chamber or 
cell In the higher forms subsequent changes m the character of 
the septa give rise to very different appearances in the cells, the 
latter showing gieat differences m suae and degree of develop- 
ment In all cases, however, they arise m the manner described, 
by the activity of the protoplasm. 



Fit/ 610 Semi (lingi amiimbic lonyritiKUiial 
section of ail old and stout poition of 
Cetamium 7 uh) m^l^ showing contumity 
between the protoplasmic contents of 
the axial or central cells, os, o, at then 
ends, and laterally with the cortical 
cells, &, by protoplasuno threads, and 
also that or the cortical cells inter le bv' 
thieadfa radiating from the central mass 
in each cell Alter T Hick 
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We can thus see that the livinpr substance is the essential 
part of the cell, and all other structures found in connection 
with 34 only subordinate to the requiieinents of the jiroto- 
plasm. 

In the simplest forms, each protoplast discharges all the vital 
processes of the plant. As, however, complexity of the plant body 
increases, there may be traced a division of this work, particular 
protoplasts taking up one, otheis another, duty Thus some are 
particulaily concerned m nutrition, others m reproduction, and 
so on This division of labour is the clue to the differences of 
structure and appearance which we find in different parts of the 
plant mass, cells bemg modified m connection with the work 

Fig 611 



Fig 611 Continuity of the i)rotoplasm of contiguous cells of the endosperm 
of a Palm ^ed (^BnUtnck*(i) a Contracted protoplasm of a cell & A 
group of delicate protoplasmic fibnis passing through a pit 111 the cell-wall 
^Highly magnified, after Gardiner ) 

which ultimately falls to their share. Thus all differentiation 
of structure IS to be traced to division of labour 

In the older parts of plants we find the cells consistmg of the 
wall alone, the protoplasm having disappeared. Such cells are, 
of course, not living 

It IS most convenient to study first the vegetable cell as it 
exists m a portion of the higher plants, such as the younger part 
of a stem or root If we cut a section of such a structure 
we find the cells aU alike and all presenting the following 
features * 1. The limiting membrane or cell- wall 2 The 

contents, consisting of the protoplasm and various bodies em- 
bedded in it or surrounded by it {figs, 612-614) The proto- 
plasm, being the essential part, may first be examined. 
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The Protoplasivi — In the young state of the cell the proto- 
plasm fills it, and appears as a nearly transparent jelly-like 


Pig 612 


mateiial, somewhat granular vt. cha- 
racter, and saturated with water. 



Fuf G13 Oellei fiom the loot 
ot Fnlillana impn utUs 
h GcH-\\all V Nucleus 
A, I Nucleus with uuoleoli 
p Piimoitlialutnole 
Protoplasmic threads % ^ 
Oell sap cavity a', s' 
Vacuoles Alter Sachs 


This condition is only transitory 
Very soon, in consequence of con- 
tinual absorption of water, the cell, 
kept tuigid and stretched by the in- 
ternal pressure, increases m size, and 
the protoplasm does not keep pace in 
its growth with the enlargement, the 
water accumulates m drops, which 
increase m size, and cavities appear 
in the substance of the protoplasm, 
which gradually fuse together, forming 
one oi more vacuoles filled with a 
fluid called the cell-sajp In such cells 
the protoplasm often forms only a 
Iming to the cell-wall, the centre of 
the cell being occupied by a smgle 
laige vacuole (fiff 612). The proto- 
plasm thus lining the cell has been 
called the %ctT%cle, 

In the protoplasm, whether filling 
the cell or not, there exists somewhere 


m its substance a specially differentiated portion called the 
nucleus {fig, 612, ^), and frequently other less differentiated 


Fig 613 
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it from these specialised portions, is generally called the cyto- 
plasm It IS not of the same consistency throughout, a 
genersijly firmer portion lymg next to the cell-wall being known 
as the ectoplasm,. A similar firm layer frequently may be detected 
roimd the vacuole The exact chemical composition of proto- 
plasm caxmot be ascertained, as analysis involves its death, and 
this is attended by changes in its substance It is composed of 
carbon, hydrogen, oxygen, nitrogen, and probably sulphur and 
phosphorus. Enclosed in it are always varying quantities of 
organic substances, such as proteids, fats, carbohydrates, and 
small portions of various inorganic salts. These various con- 
stituents are connected with the nutritive processes of the cell, 
or its meiabolzsm, and hence differ greatly in nature and amount 
from time to time 

In the ease of the free -swimming protoplasts with which we 
began the study of protoplasm, we see that they are in active 
movement. As the protoplasm becomes enclosed m cell- walls 
this motihty is, of course, less and less obvious Indeed, m most 
cells it can hardly be distinguished. There is leason to suppose, 
however, that protoplasm, wherever existing, is in active motion- 
In many of the constituent cells of even the higher plants this 
motility can be observed. In certain of the cells forming the 
leaves of many water-plants, e g. Valhsneria, Nitella, Elodea 
{fig 614), and others, a streaming movement of the granules the 
protoplasm contains can be detected with ease In other plants 
of terrestrial habit, such as Tradescantia and Ohehdomum, a 
streaming of the protoplasm is observable {fig^ 615). Such 
movements are spoken of as rotatioTi when the stream flows 
umformly round the wall of the cell, or as cvrculatzon when the 
path has a more complicated course. 

Somewhere in the cell there is always to be found a specially 
differentiated portion of the protoplasm known as the Tiuclezcs 
( figs* 614 and 615, 7^) It may he m the centre, when it is attached 
to the sides by bands or threads of protoplasm , or it may he em- 
bedded in the layer which Imes the cell This body has a more 
defimte structure than the rest of the cytoplasm , it is bounded 
at the surface by a delicate membrane, which is thought, how- 
ever, to be a denser layer of the protoplasm of the cell rather 
fchan to belong to the nucleus itself ; it consists of two 
substances which differ from each other m their power of 
staining with different reagents# The bulk of the nucleus is 
composed of a semi-fluid material known as nucleo^lmm ^ in 
which IS embedded a network of fibrils- The latter are com- 
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posed of a li^^alme substance m which lie close to each othei a 
number of £?ranules which stain deeply with many colouiing 
matters The fibrils contam the granules in such laige propor- 
tion that except with very high magnification the latter cannot 
be distinguished, and consequently the whole fibiil appears 
stained These fibiils aie generally said to be composed of 
cJiiomatvn^ the name having leferenee to nothing more than 
this reaction to stains 


Fig 614 Fig 615 



Fig B14 Cells from leaf oiFlofJea , tlieaxrowb show the rlirectioii of the rota- 
tion of the protoplasm n Nucleus p Protoplasm or pi imordial utricle, 

in which are embedded numerous chloroplasts (x «t00 ) F%g 616 

Two cells from a stamiiial liair of Ttadei>tantui The arrows indicate the 
direction of the oiiculation of the protoplasm n Nucleus ( x 300 ) 

One or moie small deeply staining bodies, termed niocleoU^ are 
found in each nucleus, sometimes being very prominent, and at 
other times hardly distinguishable from the nodes of the fibrillai 
network 

Chemically the nucleus much resembles the rest of the 
protoplasm, but, m addition to the substances found to be present 
in the latter, the nucleus contains a body known as nuclevn^ of 
which phosphorus is a constituent. 

Associated with the nucleus there have been observed in 
certain cases two very small bodies lymg usually side by side at 
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some point of its margin. These are called the cent) osjyhei es 
Each IS a spherical hyaline body, with a distinct outline, and 
3ont^ns in its mtenor a central smaller body This is known 
3bs the ceninroBome 

In rare cases a true cell may contam several nuclei. This 
Dccurs in consequence of direct division or fragmentation of the 
anginal nucleus. 

Besides these typical constituents the protoplasm of many 
sells contains other differentiated bodies, known Busjplastids These 
lie special bodies which are chaiged with some definite function 
ind point to an early di\ i&ion of labour m the cell They are of 
1 somewhat similar structure to the nucleus, being formed of a 
S-brillar netv ork supported by a ground substance Some of them 
ire colourless, others impregnated with different colours. The 
first aie called leucoplnsts^ the others eliloyo- or c7iromox>laBis, 
according to their hue, the gieen ones or chlorophyll bodies 
being thus distinguished from all others {fig. 614). 

The plastids must be distinguished from other cell-contents, 
such as will be desciibed latei They aie independent bodies 
charged with the perfoimanee of definite functions ; the-^ alwa;vs 
lie in the substance of the protoplasm, and not in the vacuoles , 
they have a powder of multiplication by division, quite apart from 
the activity of the cell-protoplasm. Their shape and their dimen- 
sions vary extremely in different cells, but they are generally 
spheroidal or discoid. Theie seems to be but little difference 
between thecliloroplast and the leucoplast, the latter being formed 
in parts to which light has no access, the former occurrmg in parts 
exposed to light In the presence of light the leucoplasts can 
develop a green colouring matter, becoming chloroplasts 

The colouring matters of the different plastids can be extracted 
by various solvents, leavmg a colourless basis The green colour- 
ing matter of the chloroplasts, which is known as clilorojohyll^ can 
be dissplved out by alcohol, benzol, and other fluids. The red or 
brown colour of the chromoplasts of the red or brown seaweeds 
IS soluble in cold distilled water. They are found after removal 
of these pigments to contain chlorophyll as well 

Chromoplasts of -variaas colours give the tints to many of 
the brilliant floral leaves, particularly those which are yellow or 
scarlet These are generally derived from chloroplasts, the 
leaves when young being green. 

We have seen that, at some period of their life, some of the 
lowliest plants consist only of a small ovoid mass of protoplasm, 
with two appendages or flagella at one end. These flagella, like 
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the rest of the cell, are composed of protoplasm, and are especially 
capable of vigorous movement, showmg a certain differentiation 
with that object Other naked cells are not furnished with^hese 
flagella, but possess much shorter, more delicate threads known 
as dha, which are placed either all over their surface as m the 
case of the zoospores of VmicTienna.f or form a ring near one 
end, as in those of CEdogoni/ubm ( fig^ 666, c) In many of such 
naked cells there is a specially coloured corpuscle, Visually red, 
known as an ege In others a special vacuole in the proto- 

plasm shows a rhythmical enlargement and contraction This 
IS known as a contractile vacuole. It recalls a similar structure 
m the lowest animal organisms. 

The Cell-walij — ^We have seen that in most cases the first 
evidence of the vital power of the protoplasm is the formation of 
a membrane which surrounds it on all sides This is known as 
the cell-wall. It is originally composed of a substance known 
as cellulose^ consisting of carbon, hydrogen, and oxygen m the 
proportion of six parts of carbon to ten of hydrogen and five of 
oxygen. As the hydrogen and oxygen exist m the same propor- 
tions as they do in watei, this body is a member of a group of 
substances known as carbohydrates Sugar and starch are other 
members of the same group 

Cellulose is a colourless transparent substance, easily per- 
meable by water and by substances m solution in it It can be 
stamed violet by iodine in the presence of sulphuric acid or 
chloride of zmc. 

Cell-wall consists of cellulose which contains a varying 
quantity of water Various views have been held as to the 
way in which the two are associated According to Nageli the 
particles of cellulose, known as micellae, are of crystalline form, 
the long axes of the crystals being arranged at right angles to 
the surface of the wall. Each micella is surrounded by a thin 
film of water According to Strasburger the particles of cellulose 
are arranged m a network, water occupying its meshes In 
either case the quantity of water is capable of considerable 
increase or diminution, and the wall can be made to swell up 
by causmg it to imbibe more fluid This can be brought about 
by exposmg it to the action of strong acids, such as sulphuric acid. 

A different view of the composition of the cell-wall has been 
advanced m recent years by Wiesner. He holds that the sub- 
stance of cell-wall as it is first formed consists of rows of 
granular bodies which he terms dermatoBomee, which are united 
together and surrounded by protoplasm. On this hypothesis the 
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cell-wall IS living while young and growing. The protoplasm 
thus exists between particles of cellulose, and holds water in its 
substance. 

As the cells grow there is a continuous formation of cellulose, 
due, like its first formation, to the vital activity of the protoplasm 
By irregularity of growth, due to internal causes bringing about 

Fig 61ti. Fig 617 ^ Fig. 618- Fig 619. 

0 

Fiq 61b Rounded celLs Fuf Elliptic or oblong cell Fuj^ 618,619 

Polygonal colls in combination those of the latter figure being pitted 

gi eater possibility of stretching m ceitain places, cells become of 
various forms , when the giowth is unxfoim, oi neaily so, in all 
parts of the cell- wall, we have a 8j>liei%cal or bounded cell {fig^ 
616) , but when it is greater at the two extremities than at the 
sides, the form is oval or ohlong {fig 617). In the above cases, 
also, the cells are almost, or entirely, free from external pres- 
sure But, under other cir- 
cumstances, in consequence 
of the mutual pressure of 
surrounding cells, they as- 
sume z, jpolygonalioTTCL {figs, 

618 and 619), the number 
of the angles depending upon 
the number and arrangement 
of the contiguous cells. 

When the growth is nearly 
uniform on all sides of the 
cell-wall, but not equally so 
at all points of, its surface, we 
have cells which maintam a roimded form in the centre, but 
having rays projectmg from them m various directions, by wbich 
they acquire a more or less star-like appearance {fig 620) ; and 
hence such cells are called stellate These rays may be situated 
in one plane, or project from all sides of the cell It is rarely 
the case that such cells have the raj^ s at regular intervals, or all 
of one length, hut various degrees of irregularity occur, which 
lead to corresponding irregular forms m such cells 


Fig 620 Fig 621. 



Fig 620 Stellate cells Ftg 621 Crlxn- 

dnoal cells The small rounded body in 
the interior of three of these cells is the 
nucleus. 
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When the gio^vth talies place chiefly in one direction, ^\e 
have cells which aie elongated, euhei hoiiyontallY or vertically 
Of those cells, which are extended in length or veitically, we 
have such forms as the cylindutal {fig 621) and fusiform 
{fig^ 622), and which, by the mutual pressiue of contiguous 
cells, often become gprismatic In many Fungi again we have 
a very marked form Thus the cells are here thin -walled 

Fie 622 Fig 623 Fig 624 



Fig 622 Elongated fusiform cells Fig 633 Eibnllifoim cctlla Cht/jJ?uc) 

Ftg 624 Transverbo &eotiou of a tliick-walled cell of tlie pith of 

/foi/a tar nosa Eiom Mohl Ftg 625 Thick walled cells from the fruit 

of a Palm a, a Cell walls &, 6 Concentric layers of thickening 
c Canals extending from the central cavity to the inside of the wall 
of the cell d Cavity of the cell e, e External dotted appearance 
From TJngcr Fig 626 Striated ^bies fioni bast of Lime tree. 


and very long and thread-like, and either simple or branched 
{fig 623). 

When the cell has attained its full si7e, or in some cases 
while it IS still growing m surface, the wall becomes thickened 
by the deposition of successive layers over those already formed. 
A transverse section of many cell-walls shows traces of this 
mode of thickening, the successive layers appearing as shells of 
substance lying one upon another. Such a cell- wall is said to be 
stratified {figs 624 and 625) Viewed longitudinally, the walls 
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Dften appear covered with delicate oblique stiiations which ma> 
run regulaily in one direction only, or may be crossed by others* 
Phis IS due to the way m which the protoplasm deposits the new 
particles of cellulose upon the layers already existing, a siieces- 


PiG 627. Fie, 628 Fie 629 Fie. 630 Fie, 631. 



Fvf 027 S]>iral cell Fvj 628 Annular cell Fvf 629 Eeticiilated 

cellsa Fiq 631) Pitte?<l an<l reticulated cell Ftn 631 W’‘ood-cells oE 

tlie Yew ( T(ixu<i haunta) Afccr Mold 


Sion of spiral bands being laid down with their edges in contact 
Such striations can be well obseived m manj of the elongated 
cells or fibres which foim part of the soft portions of the 
vascular bundles of the higher plants {fiq 626). 


Fie 632 Fio 633 Fie 634 Fie* 635 Fie 636. 



F%g 632 Simple spiral vessels Ftg 633 Annular vessel Fig 634 Be 

tieulated vessel Ftg 636 Oylmdnoal scalanform vessels of tlieVine 

F%g 636 Pitted tracheid terminating obliquely, and sliowing that tlie parti- 
tion wall has been incompletely absorbed 

It generally happens that when cell-walls are being thick- 
ened, the new deposits of cellulose are not laid down uniformly 
over the surface , but instead form ridges or prominences of 
various iiatterns, wnth unthickened portions between them The 
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thickening may take the form of a spiral band, winding 
obliquely round the interior of the cell , it may be deposited in 
the form of rings placed regularly along its greater axis , oi it 
may be irregularly laid down, giving rise to particular patterns 
upon the wall These forms are known as spiral, annular, and re- 
ticulated thickenings respectively {figs 632-634). In other cases 
the thickening may extend over the greater surface of the wall, 
leavmg only small unthickened spots. Such a cell- wall is said 
to be pitted. When two cells side by side are undergoing 
thickening simultaneously, the thick and thin places on <he 
separating wall correspond m position, and the pits appear as 
delicate canals which m some cases serve as means of communi- 
cation from cell to cell {figs 625 and 637) 

In the cell-walls of the wood-cells of certain trees we find, 

Bio 637 
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F%g 637 Cellfa whose walls are in process of tluckenmg The thick and 
tluu places on the separatiug- wall ^»orrespond, m position p Pits or thin 
places a Thickening deposit 


in addition to the ordinary pits, large circular discs which 
encircle them so that each pit looks as if it had a ring surround- 
ing it {fig 638) , hence such cells have been termed cells w%th 
bordered p%t8 or d%sc-hear%ng wood-cells This appearance is 
produced by circular patches of the cell-w all remaining thin after 
the general thickening has commenced and the rim growing 
obliquely mwards, leaving ultimately only a narrow orifice in 
the centre , or, in other words, the opening of the canal into the 
interior is narrow, while the outer opening by the cell -wall is 
broad {fig, 639 ct, 6, c) As these thickenings occur always m 
twos, that IS, one on each side of the cell- wall, they appear as 
two watch-glasses would do if placed rim to rim, and separated 
by a thin sheet of paper. To carry out the comparison, however, 
completely, the watch-glasses must be supposed to be perforated 
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in their centies (fig. 6S9, h) The central lighter spot when 
examined by transmitted light is caused by the light having to 
pass only through the thin unthickened cell- wall or membrane 
(fig. ^39, c, w)^ while the darker colour of the border is caused by 
the light having to pass through the thicker substance of the rim. 
The membrane has a separate central thickenmg called the 
toT% 08 ^ which thus lies inside the pit, and is about as large as 
the central opening, which it can therefore block up if great 
tension exists on either side of the membrane, foremg it outwards. 
In very old wood this mter\enmg membrane often becomes 
absorbed, and then direct communication between the adjoining 
cells IS possible. 


Pig 638 Fig 639. 



Fiq 638 Bordered pits of the -wood cells of the Pine, with a singrle row of 

di«cs on each cell Fiq b39 Bordered pits of the VfOOil cells of the Pine 

<'dn<J?ram') a Young stage with unthiclrened cell-Txall or membrane 
6 Older stage showing the membrane with its toms, c Semi-profile view, 
showing position of membrane, «• After Sachs 


These bordered pits or discs occur either in single rows (fig, 
688), or in double or Iriple rows In those cases where there is 
more than one row of bordered pits, those in each row may he 
either on the same level, as is more commonly the ease, or at 
different levels, and hence alternate to each other, as in the 
Araucarias and allied trees. 

Cells presentmg such a obaracteristio appearance are of 
universal occurrence m the wood of the Coniferse and Taxacese, 
where they are also most distinctly observed But somewhat 
similar bordered pits of smaller size may also be found in many 
other Phanerogamia 

The material of which the cell-wall is originally composed is 
cellulose. The reactions by which this substance may be 
recognised are — 
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1. It IS insoluble m water, weak acids or alkalis, alcohol, 
ether, benzol or other aromatic liquid, but dissolves in ammo- 
niacal solution of oxide of coppei 

2 It is permeable by water, extensible and elastic 

3 It swells up and slowly dissolves when treated with strong 
sulphuric acid. 

4 It colouis violet when treated with sulphuric acid and 
iodine, or with a solution of iodine m potassic iodide and 
chloride of zinc 

5 It IS doubly leh’actue when viewed with polarised 
light 

The cellulose is seldom found pure, soon after the formation 
of the cell- wall, changes occur m it, admixture of mineral sub- 


Fig 640 


Fig 641 


Fig 642 








641) Bast cell ot -with crystals embedded m 

the all Ftq 641 Oystolith, fi om Panetar %a offtcoutli ? 

Fur 642 Oj stoUth, from the leaf of Ficus elmtica 

ep Three-layered epidermis pa Parenchyma of leaf 
CVS Cystolith 

stances to a considerable extent rapidly taking 
place The chief of thSse are salts of lime, 
usually the oxalate, but often the carbonate Some eell-w^alls 
show a copious deposit of regular crystals of one of these — such 
are the cells of the bulb-scales of the Onion, the fibres of the bast 
©f Bjihedra^ and others {fig 640) In many plants copious de- 
posits of silica are found m the cell-wall, notably in the epidermal 


cells of Grasses and Equisetaceee. In some plants of the Nettle 
family curious cellulose projections occur m some of the cells 
of the epidermis which contam ii regular masses of calcium 
carbonate. These are known as cyatoViths {fig 642). 

Besides these admixtures of foreign substances, cell -wall is 
found to contain other bodies derived from changes in the cellulose 
itself Of these, three are especially prominent - lignm, cutm, and 
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mucilage. Lignin is the material i\liich is especiall;> chaiactei- 
istic of wood- cells. It is permeable by watei ^eiy leadily, but 
unlike cellulose it cannot retain much m its substance, nor can 
it sweii up under the mfluence ot sulphuric acid. It can be re- 
cogmsed by tmnmg pink when treated with phloroglucin and 
hydrochloric acid The wall of a wood-cell does not consist en- 
tirely of lignin, but of a cellulose basis which is largel;^ impreg- 
nated with this substance By the action of nitiic acid and 
chlorate of potash the ligmn can be dissolved, lea\ing the cellu- 
lose framework- 

Cutin IS found chiefly m the external layers of the thickened 
epideimal cells. It differs from cellulose in many pomts , it is 
but shghtly permeable by water, and it s tarns jellow instead of 
violet when treated with lodme and sulphuric acid. It turns 
yellowish-brown when acted upon by caustic potash. Cutin is 
found also in the walls of cork cells, wheie it is associated fre- 
quently with a certain amount of ligmn Like hgnin, cutin is 
soluble in warm nitnc acid and chloiate of potash 

Mucilage is found m the cell-w-alls of ceitam la^eis of the 
coats of such seeds as Imseed, and in the cells of manj Algae. It 
absorbs water greedily and swells up considerably It gives a 
violet colour with lochne and sulphuric acid as cellulose does, 
diflermg from the latter chiefly m the ease with which the ab- 
sorption of water is brought about- In some cells the mucila- 
ginous degeneration of the cellulose goes so far as to lead 
to the production of gum, which is soluble m w ater Exudations 
of gum produced m this way aie veiy common on Cherry trees 

The cell- wall is often found to be impregnated with wax, 
which in some cases is so plentiful as to form a layer of particles 
on the external surface This can be seen in the bloom of certain 
fruits, such as the Plum and the Grape , also on the leaves of the 
Wax Palm. 

Certain modifications of cellulose also occur, unmixed with 
any of these derivatives. The walls of the hyphse of Fungi are 
an example of these , the cellulose, sometimes fungus cellu- 

lose^ does not turn violet when treated with iodine and sulphuric 
acid. In the walls of cert am cells, such as the bast of Lycopo- 
dium, the endosperm of the P^eony, and the cells of the cotyle- 
dons of some of the Leguminosse, a variety of cellulose is found 
which stains blue with lodme alone 

Chemically regarded, the cell-wall is xhtis seen to be very 
complex m com p osition Originally it is pure cellulose , as it gi o w s 
older this sunplicity disappears, and it is found to be a mixture 

VOL. I. XJ 
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of cellulose witli vaiious pioduets of its decomposition, which 
are present m very varying piopoitions, or with other mateiials 
which lia\e been absoibed by it and deposited in its substance 

The Cell-gonte2^ts — Besides the piotoplasm or living mate- 
rial piesent in the cell, veiy many othei substances are found 
there which aie extiemely vaiiable in nature and amount All 
these aie to be associated in some \^a.j with the vital activity of the 
protojilasm As the latter is practically stationaiy m the cell 
and caiiies on its life-woik nheie, it is evident that the substances 
necessary foi its nutiition must be brought to it , and as these 
pass leadily horn cell to cell hy means of the water winch satu- 
rates the living parts, they must be m solution The water 
which is always piesent in the cell is known as the cell-sap. It 
may be equally distiibuted through the protoplasm as m young 
cells, or it may occupy also spaces m the latter which we have 
already described as vacuoles It is nevei present as pure water, 
but alw ays contams various chemical substances dissolved in it 
Besides contammg the inorganic substances absorbed from out- 
side, it also has dissolved m it many bodies which have been made 
by the activity of the protoplasm ; and as the various processes 
cairied out by the latter ^ ary very much m different cells, the 
cell-sap has no constant composition, but varies very much m 
different cells, aeeoiding to the work they do 

The substances which the protoplasm constiucts are again 
destined to various purposes Some are to be used up m various 
ways, either m the cell m which they are formed, or m other 
cells to which they are to be transported These are generally 
known as reserve materials They may remain m the cells for 
a longer or shorter period Others are to be regarded as mate- 
rral which is of no further use to the plant at all, and are there- 
fore to be got rid of It is important to remember that the 
plant, unlike the animal organism, has httle or no power to 
excrete anything from its body Waste products, therefore, 
instead of being thrown off at once by definite channels, are 
usually packed away in particular cells of the plant — for instance, 
in the bark of trees 

Other products are neither reserve nor waste materials, but 
are formed in the cells to perform definite work there , such are 
the bodies known as enzymes or feiments, which carry out 
many chemical changes m the substances deposited m the cells. 

As we have seen, many of these various bodies exist m the 
cell- sap in a state of solution , others, however, are deposited m 
a solid form. We can explain the presence of the latter m the 
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baine "s^ay as that ot the others, they aie eithei reset \e ot waste 
pioclucts, or chatged with a ilefimte duty in the woik of the cell. 

Tl^ cell -contents var\ mg thus horn place to place and fiom 
time to time, stand in a \eiy clittei ent position to the piotopla&m, 
which IS constant in its inesence duimg the time the cell is 
livmg. The piotoplasm caiiies out the Mtal woik, aided by the 
various plastids ahead\ alluded to, when these aie present The 
other cell-contents aie to beiegaided only as aiding oi resiiltmg 
ftom the woik of the protoplasm oi the plastids 

The bodies included in the cell-contents, using the term m 
this lestiictecl sense, may be divided mto two groups those 
soluble and those msolubie m the cell- sap. In the former are 
included constructive materials for the protoplasm, such as freshly 
absoibed morganic salts, and moie highly elaborated bodies 
destined either for immediate use, or temporary storage, oi 
possibly merely on then way through the cell. Various carbo- 
hydrates, chiefly sugais, vegetable acids and then salts, nitiogen- 
contammg bodies m the form ot amides, belong to this categoi \ . 
Other substances, possibly nutiitive, possibly only the bje-pio- 
ducts of mitiition, such as tannin, vaiious glucosides, alkaloids, 
and othei complex bodies, are also to he met w ith. In many 
cells, though with a more restricted distribution, we hnd dis- 
solved various colourmg matteis, chiefly blues, -violets, or reds 
The bodies which form the second or msolubie group include 
starch grams, fats, proteid reserve materials, either m amoiphous, 
granular, or crystalline form, and ciystals of moigamc salts 
All these call for separate deseiiption 

Sta? ch Gi a%na — Starch is not only widel;> distributed through 
the different parts of a jilant, but it also occurs m \aiymg quan- 
tity in all classes of idants with the exceiition of the Fmigi In 
all cases starch is a tiansitoiy iiroduct stored up toi future use. 
When required for the nutrition of the plant, it is converted 
mto sugar, which is a soluble substance, and can therefore be 
at once apphed to the purposes of nutrition, which is not the 
case with starch m its unaltered condition, as it is then msolubie 
When fully formed starch is found floating in the cell-sap, it 
IS {fig 648) in the form of colomless granules or grains, which 
are either distinct from one another, or more or less combined 
so as to form compound granules {figa 649 and 652), 

In form the separate granules are always spherical or neaily 
so in their earliest condition In some cases this form is nearly 
maintained in their mature state, as in Wheat starch {fig 660), 
but the granules fiequently assume other forms, as ovate. 
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elliptical, moie c>r less iriegular, elul^-shapecL oi angular (Jigs 
644-647 and 651) Staicli gianiiles vai;^ also extiemely in si7e in 
diffeient plants, and e^en in the same cell ot any jjaiticula^ plant 
The largest gianules known ap^iear to be those of Ganna staich, 
or, as it IS commonly texmed, ‘ Tous-les-inois,’ where they are 
sometimes as much as the of an incli in length {fig* 647) , 


Fig 643 Fig 644 Fig C45 



Ftg 643 Cell ot the Potato containing- starch grannies J^ic/ 644 West- 

Inclin Ai roM root ( x 5260 ) 645 Sago meal ( x 260 ) 

•while the smallest granules, among which may be mentioned 
those of Bice starch (fig 661), are hequently under of an 
inch m length. 

Development of Sia7cK — Starch dist makes its appearance 
Fig 646 Fig 647 Fig 648 


646 Group ot ro<14iko leucopldstids, each bearing ,i, starch-grain, % 
collected louud the nucleus, «, of a cell of the pseudo bulb of an Orchid 

iPhaiwi g) amhfoliu<) x 500 After Sohimper Fig 647 Tousles-mois 

( X 260) Fiq 648 Potato starcli ( x 260) 

as mmute colourless granules in the mterior of the chlorophyll 
grains when exposed to sunlight These primary starch granules 
rarely grow to any considerable size In the parts of the plant 
which are not exposed to light, grains of larger dimensions and 
of some complexity of structure are met with These are formed 
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by the activity of another foim of xilasad, much hke the chloio- 
plast, but, on account of the absence of the f^reen coloin , kno^ n 
as a leiieoplast or amyloplast {fiq 646 » In a gram formed by 
such aleucoplast 647 and 64S),^%emay observe a loundish 

dark spot, which is termed the hdiim^ situated near one end of 
the granule , and suiiounding this a variable number of faint 
lines which alternate T\ith other darker ones, so that the whole 
presents the appearance of a senes of more or less irregular con- 
centric shells placed around a common point The cause of these 
appearances has given nse to much discussion , but from the 
observations of Sehimper and others there appears to he no doubt 
that these shells are separate layers of starch substance that have 
been deposited successively by the amyloplast round the first 
formed portion, which is therefore more or less central The 
various shapes of starch grams are due to iriegular deposition of 


Fig 649 Fig 650 Fig 651 



Fia 640 Compound starch granules of West-Indui Aiio'wrooi; After Schlei- 
Qen Ftg 66U Wheat staich ( x 250) Fig 651 Ricestarcli ( x 250) 


these layers If the gram is formed in the mteiior of the amylo- 
plast the layers are concentric , if the formation commences at 
some portion of its exterior the lasers are nregular, being thicker 
and more numerous on the end of the giain w'hich is nearest to 
the plastid, as in the Potato {fig 648). 

Compoimd staich grams are frequently met with These 
are of two kinds some are due to two or more grams 
having been pressed together during their development Such 
grams usually originate by two or more arising in the interior 
of the same plastid Others are found to contain two or more 
hila, each with its concentric rmgs, and the whole surrounded 
by several layers of the same materiaL In this case the 
amyloplast has begun to form two or more grams at points on 
its exterior, and these m time have come into contact The 
further activity of the plastid has led to the aggregation becom- 
ing surroimded by deposits or shells of starch {fig. 652) 
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In some cases the starch grains are of extremely curious 
shape. The3^ may he rod-like, or like dumb-bells with elongated 
handles, as m Miijglio'k'b%a These are foimed by plastids x^^ich 
divide into two during the piocess of deposition of the starch 
{fig 653 ) 

In many cells the staicli grains are extremely minute and 
ocoui in enormous numbers, as m the style of the Lily. These 
specks are piobably formed dnectly by the protoplasm, as no 
plastids have yet been discovered in the cells of this tissue 

Composition and Cheymcal Glia'^ acte'mstics of Stanch 
— The starch granule consists of the true starch- 

Fig 652 Fig 653 


A B 



Fiq 652 v Compound , B Semi-compouiid 

grannie of staxcli Fiq 653 Part of 

a laticiferous cell from Fuphoi hia 
<iplenden^ , it contains staich gtaiiiilus 
of a peculiar dumb bell and somewliat 
rod- and bone-like form 



compound and water The starch -compound is again formed 
of two substances, which are intimately blended together, 
VIZ gianulose and sta^ch-cclUilosc The granulose makes up 
by far the greater part of the starch-compound; it is capable 
of being dissolved out of the cellulose by saliva and dilute acids, 
and it IS to it that the starch granule owes the violet-blue 
colour which it assumes when treated with a solution of iodine 
The cellulose on the other hand, not being soluble, is left 
behind as a skeleton, and is not coloured blue by the iodine 
solution 

Starch is insoluble in cold water, alcohol, ether, and oils By 
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the action of boiling water it swells up and foiins a ranciJairo 
oi paste, if to tins \vlien cooled iodine be added, a deeji blue 
coloiij:^ IS produced , but this colom is at once destio^^ed again 
by the'aiiplication of heat oi allvahes. If staichbe e^-posed to a 
temperatiue of about 320*^ F. for a short time, it is comerted 
into a soluble gummy substance, called dext) in or Bi itisli ginn. 
By the action of dilute sulphuiic acid it is transfoimed into 
sugar. This change is bi ought about m the cells of the plant 
by a peculiai nitiogenous body known as diastase^ a member of 
a gioup of bodies teimed enr^ymeh^ T\hicb aie of widespread 
occuirence in plants and which will be spoken of later 


Fig Go4 Fig 655 



Fig 654 Cell from the eiKlosperm or albumen of the seed of the Gastoi-oil 
plant (F?iznus co7f?muni<>) in dilute g-ljcenne, shoviing large transparent 
pioteid or aleuroiie giains, \ntli crystaHoidsi ami globoids embedded in 

them After Sachs Fzr/ 653 Cells ot a 'v ciy thin section through a 

cotyledon of the emtar>o in a npe seed, of the common Pea (Ihsum 
mtivum) <7, <7 Aleurone grains st Starch gianules z Intel cellular 
spaces Aftei Sachs 

P}ofczds — TVe have already seen that the protoplasm of the 
cell encloses m its meshwoik vai^ mg quantities of the pecuhar 
nitrogenous material known as proteid. In some cells tins evists 
in laige propoition in amorphous form In most cases, how- 
ever, it IS deposited in the form of grams of definite shape and 
sometimes of complex character These grains are known as 
alewrone grazns They consist of mixtures of proteids belonging 
to the globulin and albumose classes, which show consideiable 
difierences in solubility. In most cases they can be seen to 
he in a coarse meshwork of protoplasm. They are especially 
characteristic of the cells of the contents of the seed, and are 
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indeed reserve nitrogenous materials for the use of the embryo 
during germination 

The aleurone grams vary very much in size and shape In 
the Pea they may be seen as veiy small round bodies lyin^in the 
same cells as starch grams {^fig 655) In the Lupin they are 
larger, and occur in conjunction with oil, but not starch In 
both these cases they show no structure In the Oastoi-oil seed 
and m that of the Brazil nut they differ from the simple forms 
described The larger pait of the aleurone gi am is occupied by 
a crystalline portion, known as the cjystallozd This, like the 
grain itself, is proteid m charactei There is present also in 
these grams a lounded aggregation of mineral matter, a double 
phosphate of calcium and magnesium, which is termed the 
gloho^d {fig 654) 

In a few cases, cells aie found to contain crystalloids of 
proteid not included m an aleurone gram Such bodies occur 
frequently m certam parts of the tuber of the Potato, and in 
some Seaweeds, 

Fais and Onds — Certain cells, geneially in the fiuit or seed, 
contain fats oi oils satuiatmg the protoplasm, or sometimes 
occupying nearly the -whole of the cell- cavity Ethereal oils are 
found similarly in cells of various parts of the leaves or stems, 
usually m small aggregations of cells in the interior of the 
tissue, or in cells of the hairs which grow JErom the epidermis 
These are generally spoken of as oil-glands, or glandular hairs 

Mesins — In certain plants, particularly those belonging to the 
natural order Coniferse, certam aggregations of cells are found 
to contain quantities of peculiar material, generally termed 
resvn This material is different in composition in different 
plants , it may be recognised by stainmg red with alcoholic 
tincture of alkannm It is soluble in alcohol, benzol, and ether, 
but insoluble m any watery fimd 

B.a]fiuide8 — This name is now more generally applied to all 
inorganic crystals of whatever form which are found m the cells 
of plants, although the teim rwph/ides was originally given to 
those only that had the form of a needle {fig8 658 and 659) 
Baphides may be found more or less m nearly all orders of 
plants, and in all their organs, generally, however, they are 
most abundant in the stems of herbaceous plants, in the bark 
of woody plants, and in leaves and roots. In some plants they 
occur in such enormous quantities that they exceed in weight 
the dried tissue in which they are deposited : this may be 
specially observed m some Cactacess. The raphides are usually 
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contained in cells, fiom which starch, chloiophyll, and othei 
granular structures are absent {fig 608 ), although this is by no 
means necessarily the case. 

raphides occur either singly in the cells, as m those of 
the bark of the Locust tree ( fig, 656) ; or far more commonly 
there are a number of crystals m the same cell In the latter 
case they are usually either placed side by side, as in the stem 
of Huniex ( fig 658) , 01 m groups ladiatmg from a common 
point, and then assummg a clusteied 01 conglomerate appear- 
ance, as m the stem of the common Beet {fig 657) The formei 
have been termed acicular 7 ajpJiides, and the latter co7ig7o7ne7 ate 
7 alludes 

Fig 656 


OBE 

f^lS) 

[si® 

i^n 


Fig 656 Solitary ciystaJs or raphides in the cells ot the bark of the liOcu&t 

tree After Gray Fig 657 Conglomeiate laphides or sphoeriphidcs o± 

the Beet Fig 658 Acicular 01 tine raplnde's of a species ot Rumex 

Two cells contain raphides, and three ot them chloroplnll grannies 

Fig 659 True or acicular raphides of an Arum being discharged tiuough 
endosmose under the influence of w atei 

In the common Arum, wheie 1 aphides are very abundant, 
and in some other Araceae, the cells which contain the raphides 
are filled with a mucilagmous sap, so that when they are moist- 
ened with water endosmosis takes place, by which they are 
distended and caused ultimately to burst and discharge their 
crystals from an orifice at each end {fig 659) 

The crystals thus described consist generally of calcium 
oxalate, which crystallises m two forms according to the propor- 
tion of water it contams. Thus m the one case when the crystals 
contain six equivalents of water of crystalhsation, they form 
octahedra {fig^ 657), as m the conglomerate raphides or sphae- 
raphides ; and, on the other hand, when there are only two 
equivalents of water of crystallisation, then bundles of acicular 
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crystals or true raiDbides aie piodiieecl (/?<76 658 and 659). In 
rarer cases the crystals aie eomjjo&ed ot calcium carbonate 

The laijliides aie to be legaided as waste pioducts, bve- 
products of the metabolism of the cell They are fiequently 
surrounded by a delicate pellicle of cellulose, thus being shut otf 
fiom contact with the piotoplasm 

Of the substances which aie met with m solution m the cell- 
sap, little more need be said at piesent The kinds of sugar 
found aie chiefly maltose, grape sugar and cane sugar A 
pecuhar carbohy^diate body, is found in ceitain of the 

CompositiE, paiticulaily the Dahlia and the Artichoke This 
substance has the same percentage composition as staich, and, 
like the latter, is leadily coiiveitible into a form of sugai. It can 


Fig 660 



Fiq 660 Sphere Cl > stals of iimlin fiom the Artichoke A Small ci\btals m 
interior ot cells B L«irge crystals extending’ thioiigli many oellfa (x250) 


be made to separate out from the cell- sap by keepmg the tissue 
containing it in spirit A section taken through such a piece of 
tissue and mounted m watei will show large sphsero- crystals of 
mulin, often os;tending through seveial contiguous cells (/?y 660). 

The amides, such as aspaiagm, leucin, &e , which are found 
m the cell-sap, are generally the lesult of the decomposition of 
proteid material They are very piomment in young seedlings 
and in germinating seeds 

In many cells the peculiar bodies spoken of as enzymes 
occur These are very varied, and a discussion of their pecu- 
liarities must be deferred to a later section of this work They 
can only be detected in cells by the results of their activity 

The cells vary much in size in different plants, and in 
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diffeient parts of the same plant Polygonal or oblong cells, on 
an aveiage, vary from about to of an mch incliametei , 

others^again are not more than 5 while in some cases they 
are so large as to be visible to the naked eye, bemg as much »as 
^ or even of an inch m diameter- The laigest occur in the 
pith of plants, in succulent parts, and m watei -plants 

The dimensions of elongated cells generally afford a striking 
contrast to those of the foimer, for while wre ffnd that then trans- 
verse diameter is commonly much less, averaging about r^’crir 
of an mch, and frequently not more than they become 

much more extended longitudinally, sometimes reaching four, 
five, or more mches m length More generally, however, they 
vary fiom about ^ to of an mch m length. 

Those cells again which have an unrestrained development 
are frequently also far more extended m length Thus, the cell 
of which each filament of cotton is toimed is sometmies as 
much as one oi two inches long On the other hand, some of 
the minute cells known as mvaobes or viio o-o) nanisms are not 
more than of an mch in diameter 
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GHAPTEB II 

FORMATION OF CELLS — TISSUES 

"We liave seen that eveiy plant commences its hfe as a single 
cell, sometimes a naked piece of protoplasm, as a gamete, oi one 
clothed with a cell-wall, as most kinds of spore It follows from 
this that all the cells of which the most complex i^lant body is 
composed arc derived from one of these by some piocess of multi- 
plication. In this, as in all other vital processes, the protoplasm is 
the active agent In the production of the gamete or spore itself 
we have to do with the formation of a new cell, not necessarily by 
a process of multiphcation , while mthe case of all zygospoies 
and oospores the new individual is the result of fusion of cells, 
and theiefore involves diminution instead of increase of number 
We may distinguish several different methods of cell forma- 
tion, which may, however, be classed under the two heads men- 
tioned above Fust we will take those cases in which the new 
cell results from the division of an antecedent cell, and after- 
wards those in which no such division takes place 

1 Formation of New Cells by Division of Antecedent 
Cells — This is by far the most frequent method. Usually a 
cell divides into two, and a wall is geneiallv immediately formed 
between them Less often a variable number of cells is formed 
in the interior of a cell, known geneially as the mother -cell^ and 
they become clothed with cell- walls simultaneously or not at all 
The former is most common in vegetative, the latter in repro- 
ductive processes. The two processes are termed cell-division 
and free cell-f or matron , 

Qell-dvoi8%on — We have pomted out that the division of the 
cell IS brought about by the protoplasm The actual division of 
this IS preceded by a division of the nucleus, which maybe direct 
or indirect, the latter bemg much the more general The 
changes in the nucleus m this case are knowm as ’karyohinesis. 
In the cases that have been most completely investigated 
the nucleus consists essentially of a delicate network of fibrils 
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of claiomatin, embedded m a hyaline substance, and smioiinded 
b;> a moie or less well-defined outline deiived fiom the cell- 
piotoplasm and known as the nuclear membiane. Associated 
with ^ are two small centiospheres Karjokmesis begins by 
the network of fibiils becoming coarser and gradually separating 
to foim a long coiled fibre The niicleoh disappear, and the 
nuclear membrane can no longer be distmguished At the 
same time, the two centrospheres shift their position and come 
to he on opposite sides of the nucleus at some little distance 
from it The long coiled fibre of chromatin breaks up into a 
number of V-shaped pieces which point towards the centre of 
the nucleus. The number of these vanes in different cells, 
but IS constant in those of the same tissue. The chromatin 
m the fibres is seen to be broken up mto discs, which are 


Fk, r>61. 



Fiq 661 Stages 111 kaiyokinetic division of tlie nucleus Resting nucleus 
h St ige of equatorial plate c Scpiration of the ohromosomcs d Com- 
nieucement ot foimution ot ccll-\\all e Extension ut nuclear spiiulic 
acioss the cell 


separated from each other hy smallei discs of imstamable 
substance Thieads of delicate chaiacter may next be seen to 
extend ftom one centiosphere to the othei, forming a body 
known as the nucleai swindle. These threads appear to be 
formed from the cell-piotoplasm The nuclear fibrils travel 
along these threads, with w^hich their points are in contact, till 
they foim a disc aexoss the spindle This stage is constant in 
all eases of karyokmesis, though the details ot its formation vary 
in different cases. The body is sometimes called the eqii atonal 
^late (fig 661, h) After this stage is reached, each fibril splits 
longitudinally mto two, and the equatorial plate divides into two 
m such a way that half of each original fibre points its base to 
one centrosphere, and the other half to the other The two sets 
of fibrils so formed then separate and. travel back along the 
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spindle fibres towards the two eentrosx^heies, changing their x>o&i- 
tions as they go till then convex sides point towaids them They 
thus collect into two places which aie deteimined by the position 
of the centiospheies, and present there the appearance *01 two 
somewhat stai -shaped aggregations This is known as the 
diastei stage The fibres no^v become united by then ends and 
constitute each a new nucleus, gradually becoming well defined 
by the appearance of a nuclear membiane, and the oiigmal 
appearance is regained, nucleoli appearing in each new nucleus 
The spindle fibres may remam connecting the new nuclei for a 
time, as is the case when a cell- wall is formed immediately , or 
they may disappear at once The centrosphere di\ides, and the 
two new centiospheies may be distinguished m contact with 
some point of the new nucleus 

In ordinary cell- division the formation of the new nuclei is 

followed by the appear- 
ance of a cell- wall in the 
original position of the 
equatorial plate If the 
spindle fibres do not 
stretch completely across 
e the cell, other s are formed 

beside the original ones, 
till the sinndle is in con- 
tact with the lateral cell- 
walls Granules which 
have been floating in the 
cell-protoplasm are to be 
seen streaming along the 
spindle fibres till they 
form a plate stretching 
across the middle of the 
cell from wall to wall 
From this cell-plate the septum of cellulose is formed. The 
central portion of the jrlate may be formed before the extension 
of the spindle across the cell is complete. 

A variation is seen in the formation of the spores of certain 
plants, for instance, the microspores of Dicotyledons The 
original nucleus of the mother-cell of the spores divides into 
two as described above. The spindles disappear, and each 
nucleus divides again New spindles are next formed between 
the four nuclei {fig 664, b), and then cell-plates or cell- walls 
are simultaneously developed between thpm, givmg rise to foui 


Fig 66: 


Fig. C62 
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Piy 602 Yeast plant m procesb 

ot flevtlopment Fiy 063 

Conjei va tflomet ata, showing tlio 
progicbsive stages of gemma- 
tion or buihliug (&, c, d, e) a 
Terminal cell Aftci Mohi 
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so-called spe< ml motliei -cells^ eacla of Tvhicli develops a spore- 
The dl^ ision of the protoplasm m tins case is often preceded by 
a thickening of the cell- wall at the places to T\hich the new 
septa w ill he attached, so that the pi otoplasm is pai tially sepa- 
rated before the new walls appeal 
In ordinary cell- 
divi&ion the t\v o cells 
aie usually of the 
same size In some 
cases a \aiiation in 
this respect is seen, 
as in the cells of the 
Yeast plant These 
often put out a late- 
lal protuberance of 
smallei size, which is 
giadually abstiieted 
off by the formation 
of a cell- wall This 

vaiiation is known 
as huddtng^ or gemmation (Jig 662). It is not uncommon 
among the lower Thallophytes 

In a few cases m some of the lower plants the division of the 
cell is not preceded by division of the nucleus In others, after 
the nucleus has divided, the new cell- wall is formed by an 
mgrowth from the walls of the oiiginal cell. 

Flee Cell-foT7nat%on — In this method of cell-foimation the 
nucleus divides repeatedly till a number of nuclei are formed. 

The protoplasm aggiegates lound each nucleus, and a 
numbei of naked cells are so foimed m the mteiioi of the 
origmal cell In some cases, as in the formation of the zoo- 
spoies and gametes of many Algae and Fungi ( fig 665), they 
remain naked and are discharged m tins condition horn the 
cell in which they are formed. In other cases, each new cell 
secretes a cell- wall round itself 

In its simplest form, this mode of cell-production results in 
the formation of a number of isolated cells (fig. 665) In certain 
cases, howevei, the cells are combined into a tissue, as in the 
endosperm of Phanerogams "When this takes place, a common 
cell- wall IS formed between each two adjacent cells. In many 
cases of this kmd, the new tissue does not fill the cell, but forms 
only a peripheral layer round it The new cells then secrete 
each for itself a cell-wall on their free surfaces, the lateral walls 


Fio 0C4 
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b 64 HeJlehorm Uetitlus After Strasburjrcr 
(x 54U ) Quailiipaitition of of iwUcn 

111 T the connecting tlirc liK and cell jilatc^ are 
^howii , m V the 'W'lUs hive lictn toimed Onlj 
three are •vis-ihle, the fomtli nt)t l>einc? lu toca^, 
the tQode <»t clevt-lopmeuc is tctiahctlial 
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being common to the contiguous cells Fuither multiplication 
of the cells takes place by repeated cell- divisions 

The formation of the spoie mother- cells, described as a varia- 
tion of cell- division, is often included undei free cell-formktion. 

The principal difference between the two modes is that in firee 
cell-foimation the new cell, if clothed at all, is nearly or quite 
surrounded by a fieshly secreted cell-wall , in cell-division a new 
wall is only formed across the line of the division 

2. Foriviation of New Ceels wuthout Division — Two 

Fig Gb5 



Fxq 066 Poimation of zoospoiesin 

A Zoosporatigium, still closed b The 
same buist, with the dischaiged zoo- 

spore«< After Carpenter Fig 660 

A, B Escape of the swaim-spores of au 
(Edoqonmm c One in fiee motion 
D The same after it has become fi'ced, 
and has formed the attaohiiig disc 
B Escape ot the whole protoplasm of a 
germ-plant of <Edo(fomum in the form 
of a s wai m- *?pore After Pri n gbh eim 


Fig 666. 



modes of cell-production belong to this category. The first is 
known as rejuvenescence^ and is met with only m connection 
mth reproductive cells It consists in the protoplasm of a cell 
withdrawing itself from the cell-wall, and after a short period of 
quiescence secreting for itself a fresh cell- wall It may remain 
within the original cell- wall as in the formation of spores inside 
the special mother- cells, which have themselves been formed as 
above described by cell-division On the other hand, it may be set 
fiee In this case the cell- wall is not secreted by it until after its 
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escape. It is, moreover, at first usually furnished with ciha, some- 
times attached to oj^e end as m the zoospores of CEdoffomnm 
{Jig 666, c), or o^v the whole smface as in those of Vauclierza, 

Th^ other moie of cell-production ’w ithout cell-division is that 
of the fusion of two cells to form a new one Like the last-described 
method, it occurs onl;y in connection w ith the processes of repro- 
duction It IS known 
as conjugation, and in- 
cludes all the cases ot 
the fiibioii of gametes 
already described The 
ceDs taking part m the 
fusion are at the time 
naked cells, consisting ot 
protoplasm and nucleus. 

They may be similar or 
dissimilar m size, ma,\ be 
sot free fi om the cells in 
which they w eie foi med, 
as in the case of the cili- 
ated gametes of Ulotlirix 
<Jig» 609) or the sperma- 
tozoids of higher crypto- 
gams, or may leave their 
parent cell only to pass 
mto that of another 
gamete, as in Sjm ogyia 
{fig 482) oi possibly in 
Achlya {fig. 667), or may 
remain always in the 
cell m which they aie de- 
\ eloped, as is generally 
the case with oospheres 
When the fusion takes 
place, protoplasm unites 
with protoplasm, nucleus 
with nucleus, &o , and a 
new cell results which clothes itself with a cell- wall, and becomes 
a new individual The process of fusion of dissimilar cells is 
generally called fertzUsaUon 

The Tmsues. 

By one or other of the methods of cell-production described, 
the original unicellular plant becomes a multicellular body, 

VOL I. X 



Fhj 667 Oogoma ainl antlieinlia ot Athlmi liumt 
loZrt, showing cell (liMsioii TIjeletxei-. a to jb 
indicate tlie cour-^t. of development Tlie 
l»rotopla<-m of a cell or hianc li of a cell collects 
into a globnlir torm A, r, and bj the forma 
tion of a septum, d //, becomes an independent 
cell (the oogonmm) The protoplAsin then 
bleaks up into two or more parts, i> e, « 
f oospheres), which quickly become spherical, 
and after possible fertilisation by theanchendia 
fc, penetrating into the oogonium by their 
sacs, h, &, as seen in i>, secrete a cell \v all f, 
and become oospore*:! After Sachs 
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We have seen that its ultimate form may be that of a row of 
cells forming a filament, or a fiat plate, one or a few cells thick, 
or, again, a mass of cells of very \ ariable size and shape In 
the production of the oidinary vegetative body of the pls^nt, the 
new cells are produced by cell- division. In some cases every 
cell as it is produced possesses and retains the power of division, 
so that the plant can inciease throughout its whole length. 
This IS commonly the case with filamentous plants such as 
8jpvyogyra In most cases however, the power of cell- division 



speedily becomes localised at certain parts of the plant body, 
which then carry out all further increase in length Such points 
are called growvi%g ^ovtits : they are generally terminal, and the 
cells of which they are composed, which have the power of 
cell- division, are called mer%smat%c cells The individual cells 
do not long retain this power, but after a period of growth take 
on various forms, and subseq[uently change but little during life, 
oonstitutingj 2 ^e^ maneni tissue Finally they lose their protoplasm, 
and are no longer hving 
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There are two chief t\pes of growin" point which ai*e found 
at the apices of the a\is of the plant. In both, multiplication of 
cells leads to a continued advance for%\ ards of the apex, and the 
youngest cells are in the front of the mass. The ineri&matic tissue 
IS not of ver j great extent, and behind it the cells can be observed 

Fig 669 Fig. 670. 



Fig 669 U row point of ■stem cf Lgui 

n Apical cell Z>, t &«gmcnts 

cut off fiom it Fig 67u. Growiiisr 

l>oint of stem of FJodf’a a Apical 

meiistem After Kny Fig 671 

Glowing point of Peliitui a Apical 
cell After Knj 



Fig 671. 


to be growing oi increasing in 
size, and gradually passing over 
into permanent tissue 

In the first type the cells 
which are thus dividing are all 
alike in appearance, and foim a 
well-defined group which gradu- 
ally becomes difierentiated, as 
the cells get older, into x arious 
forms characteristic of different 
regions of the axis {figs 668- 
67 0) . This small- celled meristem 
IS always found in Phanerogams 
and in some Cryptogams. A 
growing point of this type is 
always more or less conical, two main hnes of division of 
the cells can be seen, one parallel to the surface of the apex, oi 
'ger%cl/bnal , the other at right angles to it, or antxclvaal,. 

The other type is marked by the presence at the apex of a 
single large generally pyramidal cell, the base of the pyramid being 

X 2 
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external [^fig 669)* From this, successive segments are cut off 
paiallelto each side in turn, the apical cell growing to its oiigmal 
size after each division In stems there is no segment cut off 
from the external face, but this takes place m roots, so that the 
apical cell is nevei exposed m the latter ease {fig 769). The 
segments when cut off divide usually penclmally each into t wo ; 
further divisions of each of the latter give rise to the mass of the 
tissue Such a growing point may be conical or depressed, 
according to the amount of growth taking place in the inner or 
outer segments and the cells which arise from them {figB 669- 
671). This form of piimary meristem, in which an apical cell 
IS so prominent a feature, is chiefly characteristic of Cryptogams. 

An mtermediate form is met with m some of the Vascular 
Cryptogams in which a gioup of mitial cells, ffequently four m 
nimiber, replaces the apical cell 

Besides these apical meristems, similar tissue occurs in other 
parts of the mass of the plant These collections are chiefly 
connected with growth of the axis m thickness rather than in 
length, and will be treated of later in detail The cells are either 
much like those of the small- celled meristem or are longer than 
broad They exist in sheets or bands, usually one cell thick. 
They include the cambium and phellogens of stems and roots 

When cells are formed by cell-dn ision m a growing point, the 
new cell- wall aiises at light angles to the walls with which its 
edges are m contact. Hence at their fiist formation all such 
cells are cubical or nearly so Bj growth in various direc- 
tions, mutual piessure, «&c , they change their shape and relative 
dimensions, giving rise to collections having veiy different 
appearances 

The cell-wall, at first thin and composed of cellulose, thickens 
as already described, and becomes chemically altered, giving rise 
to still moie comx^licated stiuctures 

In the early changes that take place, as permanent tissue is 
replacing meristem, we note that the original close contact of the 
cells becomes interrupted. During the changes of tension that 
occur in a growing mass of cells, the vraUs are caused to split at 
an angle where three or more are meeting, and so a small inter- 
cellular space is formed The several spaces in a tissue extend 
till they communicate, and a system of intercellular channels is 
formed which extends throughout the plant, containing generally 
air The intercellular space system so formed is very prominent 
in certain parts, especially in leaves and m the stems of aquatic 
plants {fig. 749) 
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The changes that take place m the composition of the cell- 
Tvall usually alfect the primary septum between the cells in a 
different way from the successive thickening layers. The origi- 
nal can generally be distmguished in the thickened wall of 
stratified cells, when it is known as the middle lamella 
(fig. 677, m). 

A collection of cells, the individuals of which remam more or 
less of equal diameter in all directions, is known as jpaj enchyyn a 
The cells may remam with thin walls or the latter may be 
thickened equally or imequally, givmg use to^arlo^ls modifica- 
tions, of which the followmg are the more important — 


Fio 672. 



Fio 673 



Fig 675. 



Fi4/ 672 Bound or oral parenchyma In tw o of the cells a nucleus y itli a 

nucleolus may be seen Fig Oia Stellate parenchyma, composetl 

of stellate cells wixh three-cornered intercellular spaces r%g 674 

Muriform parenchyma Pig 675 Transverse section of the petiole 

of a species of 5<»f/oni£i e Epidermis \Mth cuticle above and hyxw^derma 
below, the lattci formed of collenchymatous cells t7, <•?, with thickened 
angles v thl Chlorophyll granules p G-eneral parenchyma, below 
h\ poderma After Sachs 

a Hound or Oval Farencliyma (fig 672). — This is formed 
of rounded ox more or less oval cells, with small spaces between 
them. It commonly occurs in succulent plants, and also in those 
parts where the tissues are of a lax nature It is connected by 
various transitional forms with — 

b Stellate Parenchyma, which consists of stellate cells 
(figs 620 and 678), or cells with an irregular outlme produced 
by projecting rays, and in contact only by the extremities of such 
rays, so as to leave large irregular spaces between them 

c Itegula/r or Polyhedral Parenchyma . — This is formed of 
polyhedral cells, the faces of which are frequently nearly equal, 
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and so combined as to leave veiy small mterspaces It is 
commonly found in the pith of plants 

d Mlonqated Parenchyma — This is composed of celk elon- 
gated in a longitudinal dn^ection so as to become cyhhdricaL 
It occurs hequently m the stems of Monocotyledonous plants 

e Tahidar Parenchyma is that which consists of tabular, 
closely adherent cells It is found m the epideimis and other 
external parts of plants {fiq 675, e) A variety of this kmd 
of parenchyma is called mut %form^ because the cells of which 
it is composed lesemble in their form and arrangement the 
courses of bricks m a wall {fig* 674) this vaiiety occuzs in the 
medullary lays of the stems of Dicotyledons and in coiky 
foimations. 

Such are the commoner varieties of parenchyma, all of which 
are connected in various ways by transitional forms , but other 
special kinds also occur Thus, in the tissue which is placed 
below the epidermis of plants, which has been termed the 
hypoderma^ we sometimes find the parenchyma composed of 
cells which are especially thickened at their angles {fig 675, 
c?, cT) This kind of parenchyma is called collenchyma , it never 
becomes ligmfied Another variety of parenchyma is termed 
Bclcj enchyma this consists of cells which have become much 
haidened by thickening layers and ligmfied, as in the stem of 
Palms Collenchyma and scleienchyma are also forms of 
luosenchyma 

In some of the lower orders of plants there is a pecuhar kmd 
of tissue present, to which the names of Tela contexta and 
^7^terlacung fihi%ll%foim ttss^te have been given It occurs 
chiefiy m the Fungi {fig 623), and consists of very long thread- 
like cells, or strings of cells, simple or branched, with either 
thin, soft, readily destructible walls or dry and firm ones, the 
whole inextricably interwoven or entangled with each other so 
as to form a loose fibrilliform tissue This tissue, which is 
usually known under the name of hyphce or hyjphal con- 

stitutes, as a general rule, the vegetative portion of all Fimgi. 
In the larger Fungi this same tissue also forms a more compact 
structure at certain parts, as on their surface, where it is ananged 
as a kmd of skin, and then constitutes what is termed pseudo- 
X^arencliyma* 

The vaiieties of parenchyma as just described constitute the 
entile structure of the lower orders of plants, such as tlie Algse, 
Fungi, and most Mosses, which are hence frequently termed 
Cellular Plants 
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Besides these collections of isodiametric cells we find others 
whose length greatly exceeds their other diameters In shape 
they are usually pointed, their ends overlapping, or extending in 
between the ends of then immediate neighbours These collec- 
tions constitute what is knowm as prose ncltyma As m the case 
of parenchyma the walla of these ceDs, oi Jibres, are sometimes 
unchanged cellulose, sometmics hgmhed, pitted, Prosen- 

ehyma is largel;> present in woody tissues, but is not confined 
to them, but may be foimd as isolated strands occupy ing vaiious 
positions m the plant bod^ . A peculiar form of it constitutes 
the whole of the secondary wood of the Ccmfer<e {fig. 688), 


Fio 676 Fig 677 Fig 678 Fig 679 Fig 680 Fig G81, 



Fig 676 Prosenchyniauous oi wood-cells Fig 677 Transverse sectjoii of 

prosenohymatoTis cells, s.lio^\ nig tlie tluoloiess of tlieir walls m Middle 

lamella Fit; 078 Pro&enoliymatous cellfa in combination Fuf 079 

XJppei end of a basst fibre Fig 680 Branclied fibre After Schleiden 

Fig 681 Tr iu%verae section of flbies, showing tlie thickness of their 

walls 

where the fibres or tracheids are marked by the peculiar bordered 
pits already described. In some forms the fibres are branched 
{fig 680) The cells of coUenchyma and sclerenehyma are 
frequently fibrous. 

A further modification of the arrangement of cells is found in 
plants, constituting what is known as vascular Usaue. The 
elements of this tissue are frequently fusions of cells, the end 
walls between them becoming absorbed to a greater or less 
extent A row of cells whose separatmg walls have thus dis- 
appeared IS known as a vessel Two mam kinds may be dietin' 
guished, tracheal tissue and aveve tiasue^ 
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Tracheal Tissue. — This is tisiially composed of lignified 
cells which have lost their protoplasm They are pitted in the 
various manners already desciibed, forming spiral, annular, 
scalariform, or reticulated vessels {fig 682). ^Yllen tfie end 
walls are completely absorbed they form true vessels or 
trochees. The absorption is not always complete , indeed, in 
some cases columns of such thickened cells aie found vheie the 
end walls persist, and are thickened in the same way as the 
lateral ones The individual cells aie then known as troche ids, 

Tiacheids occur m other forms than as 
Fig 6 SB cells of a column ; thus they constitute 



a somewhat parenchymatous-looking tissue 
in the sheath of the aerial roots of certain 
orchids. The peculiar fibi es with bordered 
pits, occurrmgm the secondary wood of the 
Comferce, are generally included under 
this term 

The chief forms of tracheal tissue, 
whether composed of tracheids or true 
vessels, may now be separately considered, 

a. JB%tted or Dotted Vessels , — A pitted 
vessel or row of tracheids is formed from 
a low of cylindiical pitted cells placed end 


F,q 683 BeodaHattedv®. *0 end {fig. 682). This mode of origin 
sei &B3 Pitted fiom a low of cells of a similar pitted 

traclieid teiminating ob- , _ . . , 

iiqiiely, and showing natuie IS cleaily showm in many mstances 

that tiie partition waU contractions which their sides e\- 

has been incompletely , , , , , « 

absorbed hibit at various intervals (fig 682); for 


these conti actions e\idently correspond 
to the xioints wheie the component cells come in contact. 
Pitted vessels may be commonly found in the wood of Dicoty- 
ledons , they are mixed hero with the ordinary wood-cells, but 
are much larger than these , indeed, they are generally among 


the largest occurring m any tissue. 

It sometimes hapiiens that when a pitted or other vessel has 
lost its fixud contents, the neighbouring parencli;^ matous cells 
push bladder-like portions of thoir membrane through the pores 
which exist in its wall, and then multiply by division, and form 
a cellular mass which may completely fill it , to this mtra-cellu- 
lar tissue the name of iidlen or thyloses has been gi^en It 
may be well observed in the wood of the Oak, in that of Mohvmo 
D8end-acac%a,xa Fe'i^ploca, and in the stem of Cuemms saizvus, 
b. 8'p%ral Vessels — This name is applied ijo vessels with 
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tapering extiemities, having either one continuous spiral fibnl, 
running from end to end, as is commonly the case 684), or 
two or more hbnls 685) running parallel to on© another 
The latter kind are well seen in the stem of the Banana 
and other allied plants, m the young shoots of the Asparagus, 
and in the Pitcher Plant The hbril eontamed *within the 
spiral vessel is generally so elastic as to admit of being un- 
coiled “wlieii the vessel is pulled asunder, m "which case the w'all 
IS ruptured betw een the coils This appearance may be com- 
monl^\ seen by the naked eye by paitially breaking the joimg 
shoots, dower- stalks, or leaf- stalks of almost any plant , or the 
lea\ es of the Hyacinth, Banana, and others, and gently pullmg 
asunder the two ends, when the uncoiled fibrils appear hke a 


Fig 684 Fig 685 Fig 686. Fig 687- 



jTit/ 084 Simple spiial \essel> jFif/ 685 Compound soiial \es'^el 

J^if/ 080 Bniiiclicd spiral "v essel Fjg C87 XTmon of spiral vessselis m 

an oblique mannei 


fine cobweb In most eases the coils of the fibiil are close 
together, so that the enclosing membrane cannot be observed 
between them, but m other instances they are more or less 
separated by portions of membiane {fig^ 686) The fibril is 
generally turned to the right, as in the ordmary spiral cells, 
although instances occur m which it is wound m the opposite 
direction. Spiral vessels sometimes present a branched appear- 
ance this IS generally occasioned by the union of separate 
vessels in a more or less obhque manner (fig 687), or occasion- 
ally, it is said, as in the Gourd and some other plants, by the 
branching of particular cells (Jzg 686) 

Spiral vessels occur m the earhest differentiated portions of 
the wood of vascular bundles In size they vary from the to 
0^ sbn ipch m diameter. The average sizeiB about the 
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c Annular Vessels — In these vessels the fibril is arranged 
m the form of rings more or less regularly arranged upon their 
inner surface {figs. 688, r , 689, and 690) Sometimes the whole 
of the vessel presents this ringed appearance ( figs 689 ai^COO), 
while m other vessels we find two lings connected by one or 
more turns of a spiral, the two forms ii regularly alternating 
with each other (fig 691) In size they vary from about to 
of an inch in diameter Annular \essels occur esj)eoially 
m the wood of tho fibio -vascular bundles of the stems of soft, 
rapidly growing herbaceous plants 

d. BeHczilated Vessels — In these vessels the convolutions 
are more or less irregular, and connected in \aiious ways by 


Fio 688 



Fig 689 Fig 690 Fig 691 



Fi<f (»fi8 Piece ot an annulai vessel fioiu SHea 
h The tlim cell- wall , /,tho aimuliii tluckeuijijy of 
the cell-waJl voitical section of one of the riii^S 
showing y-t the mnei substance, and «, th< denser 
layei ovei the innei side oJt the ring piojt'tiiufj into 

the cavitv of the cell Alter fc>a(*hs C89, 

690 Annul w \esscls Fuj 691 Vessel showing a 

eombmatiou of iings andsi)iial fibres 


cross or obliquo bands, so as to produce a branched ornetted 
appearance {fig 692) 

e Scala')%fo7m Vessels — The peculiar appearance of these 
vessels is owing to thoir walls bemg marked by elongated trans- 
verse pits or lines, arranged over one another like the stops of a 
ladder, whence their name (figs.Qd'S and 694) They ax’o somcj- 
times cylindrical tubes like the other vessels, as in tho Vino 
(fig. 694), and in many other Dicotyledons, in which condition 
they resemble modifications of reticulated vessels , but in their 
molo perfect state, scalarilorm vessels assume a prismatic form, 
as in Ferns (fig. 693), of which they aro tlion \ cry character- 
istic, thoiigli somotiniGs they may be found olsewhoro- 

Tho scalariform markings are often caused in tho same way 
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as those of bordeicd pits (see page 287), the thin places, instead 
of being small and circular, bemg broad and extending quite 
across the side of the cell 

TlJfe annulai^ Teticitlated, and Bcalay^fo'> ni vessels have 
commonly tapeiing points like the spiral vessels, and thus over- 
lap at their extremities vvlion they come m contact {fig 093). 
Bnt in other instances they terminate moie or less obliquely, or 
by fl<Lttoned ends, like most 

Fig 092 


Fig 002 Bctioulatcd vogsel Fig 003 Pii^matio scalaiifoim vesbols of 

a Fern Fig OOd Cylindrical hoalanlorm vo*;scls of tli(‘ Ymc 

HiKVifl Tissuk — This is generally associated with somo fonu 
ol tiachoal tissue in certain strands of tissue known as vascular 
bundles It nia^', however, exist as isolated masses in either 
the ])ith or coitox of stems, and it is generally so found m roots 
The colls of which it is composed aio thin- walled and never 
ligmlicd "[rwo kinds of coll aic found in it in tho most liiglily 
devol<)p(‘d foiiuH, the siovo tube pro})oi and its coiiipamon colls. 
Tlio sieve tube is c()mi)osGd of a number of colls or segments 
placed end to end ^rho sopaiatmg w^all is seldom much 
ihickencd, but has deposited ui)on it on both aides a peculiar 
material known as vallus^ probably a modification of collnloso 
^rho separating wall generally foims a sieve plate, bemg per- 
forated by a nnmbor of apertures, which are lined by the callus 
deposit, and through which tho contents of the two aogmonts 
connnunicato. The protoplasm of tho sieve tube is conmdcsrably 
changed, being with tho exception of a lining layer transforniod 
into a slimy material which is especially conspicuous in the 
neighbourhood of tho siovo plate, Tho a<lult tube contains no 
nucleus. 



pitted vessels 

Fio 693 Fig 694 



B16 


MANUAL OF BOTANY 


The companion cells are so called because they are cut off 
from the sieve-tube segments at the time of their first appeal ance 
They are smaller in diameter than the tube itself, and contain 
protoplasm and nuclei 

In the Angiosperms the sieve plates at the end of summer 
become blocked up by an addition to the callus, and remain 
closed dming the winter, communication being re-established in 
the spring Sieve plates occiu often upon the lateral as well as 
the end walls of the segments In most Vascular Cryptogams 
they are confined to the foimer position, and are veiy numerous 
in each*tube. 


Fro 695 



Below the Angiosperms, sieve tissue contains no companion 
cells 

Tissue much like sieve tissue occurs in certain I’cgions of 
the thallns of one of the brown soa\voeds (Maerocyaf is). In 
some others of the Laminarias similar structuios aro found, 
which aie called trumpet liijplhcd. It is, howevei, doubtful if 
their segments communicate. 

The three foiins of tissue thus described, viz. parcuch,\ma, 
prosencliyma, and vascular tissue, combined m various ways, aro 
found generally m tho plfi-nt body. Besides tliese, other forms 
of tissue are found in certain cases, having, however, a luucl^ 
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more limited distribution We may here briefly describe the 
most important of these. 

Ziatic^feroiis T'lhsue . — Of this, two types occur. In the 
Euphorbias, and some plants belonging to the Apoci/nacccd and 
AsclepicidaceeB, long, much-branched cells occur iriegularly dis- 
tributed throughout the plant ( fig 698) They have often thick 
walls, and are filled with a carious milky-lookxng fluid known as 
latex, from which the name of the tissue is derived In the Com^ 
po8%tce, Pa2m vcraceeB, and other Natural Ordeis, ramifying tubular 
structures ai e found, much hke the former, but composed of rows 
of thin -walled parenchymatous cells, the partition- walls of which 
have been absorbed These, from their containing a similar milky 

Fio 696 



/'i*/ ti'Ki jnu shiiont sp Su'vt* pl.itc*. < Callus x 32(1 

or watoiy fluid, a,ic known as latiafetoas vessels {fig 697) 
Laticiforouh vossids generally form an anastoinosing netwoik 
A modification of this tissue is found in some monocotyle- 
donous forming what arc known as vtnoiilar visseh 

These resemble laticiforous veasols in one particular, as they 
contain latex, m which arc generally true raphides ; on the other 
lian<l, they are unbrancliod and analogons fco sieve tubes m form, 
consisting as they do of long, broad colls with siovo-hko sojita 
Thoy were first noticed by Ilanstein in tho scales of the bulb of 
Allium 

Glandular Tissue, —Tins has amueh more limited distribution 
than the latieiferous tissue# It consists of single colls or of 
masses of colls of various shai>es, sometimes long columns, 
sometimes ovoid or rounded collections. Tho colls which com- 
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pose these masses are distinguished by their power of formmg 
peculiar, generally aromatic, substances, which either lemain 
stored in the cells or are passed out into intercellular spaces 
or cavities or to the exterior 

The cells are usually parenchymatous and filled with very 
granular protoplasm The collections of such cells are commonly 
called glands, a name which is also applied to the caMtios con- 
tainmg secretions, though the cells which formed them maj^ ha\ e 
disappeared 

The glandular tissue may be a solid mass of cells, as in 
the nectaries of such flowers as Ft iHllaria , it may form a 


Fig G97 Fig 698 



Fii/ G97 Latuxfeious vcshels (< ell tiisious) in a root x 5260 

JFiff (>08 Part of laticiferoub coll fiom stem of Kupho) bia ^pZetitft'tii, x 5260 


passage or cavity, lined with cells and containing tlio soci etion, 
as in t]io rosm canals of Pinua and other Conijci tv , or in the 
globular recoptaclos for essential oil in the loaves of tlio Ituo, tho 
rind of the Oi ange, &c 

These passages may originate in two wa>s In tho case of 
tho rohin ducts of Jaunts, a group of colls may bo seen in a 
traiis\orfao section, corrc‘^2^onding to a column ol colls of some 
length Tho cells sopaiato fioin each oth<‘r, so as to leave a 
passage in the centio , by contmuod sojjaration and multiplication 
of tho numbor of tho colls surrounding tho channel, a duct is 
foimod Imod by a delicate layer which socrotos the resinous 
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uiattter, and. ponrs it out into tlie passage Tins modo of oiigin is 
called sclii&oqcnous (Jiq 700) 

In the case of the oil-glands of the Rue, Orange, &c., a amn.n 


Fig. 699. 



Fig COO Uovclopmeirt o£ Ij'-igenotis ffland m stem of I2iipr>) irum The 
foiii lif^uics leinesont snceossne sta^^es x 250 


solid of cells is foimcd fiom generally a single coll by 

repeated division Tlio protoidasm of these becomes charged 
with drops of the sceietion, and the 
cc‘11- walls 111 the contio of the mass 


dogonoiate and break down, loaMiig 
a ciiMty lilled with the sociotion and 
with tho remains of tho cytoplasm ot 
the disintegrated colls. Soinotimes a 
peripheral layer docs not disajipcar, 
so that tho cavity lomains luiod with 
soeieting colls I’lns modo of oiigai 
IS tonned lijHUfenom (Ay. 099) 

Occasionally both these methods 
may bo met with in the formation of 
a gland. 

BosidcH those forms of glandular 
tissuo isolated cells or single rows of 
colls containing secretion arc not un- 
common They may contain tannin, 
mucilage, or other secretions. They 
luatous and thin-wallod. 


H 



7CM) Sc*hir()f?c*noua ronm- 
Uwot In tho vounK Hteiri of the 
Jvy (/M/f'/ff UHii ), trAUHVt'iBO 
HCPtioii (X 400) A All mily , 
I*), H Inter, Btngo g* ^'ho rowii- 
fluets 

arc generally parenchy- 
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TISSUK SYSTEMS. 

The combination of cells into tissues which we have now 
exammed is an indication that in a cell mass such as con- 
stitutes the body of most plants there exists a division of 
labour; that instead of each cell practically living for itself 
alone, as is the case in tho simplest forms, each takes a 
definite share in the common life work of the whole organism 
This division of labour is the explanation of the differentiation 
of the structure which we have seen, the forms and arrangomont 
of the cells being such as enable them to discharge their special 
functions most advantageously Generally in the sporophyte of 
the Phanerogams and Yascular Cryptogams tin eo mam systems 
of tissue can be distinguished, each of which, though jiossossing 
broadly characteristic features of its own, may include more 
than one foim of the tissues that have been dosciibod Those 
are the ejyidermal or tegumental chiefly piotective in character ; 
the o-vasiulai'i which is mainly concerned lu the conduction 
of fiuids through the plant body, and the grouiul oi fumlamenial^ 
which is limited externally by the epidermal, and thiough which 
the fibro-vascular bundles jiass It is concernod. principally 
with the metabolic work of the plant, and to a less degree with 
its mechanical support None of these is exclusively the seat 
of the function assigned to it as its chief work. Thus in most 
of the higher plants the epideimis is comparatively short-lived 
in many parts, and tho work of protection is then taken up by 
particular tissues belonging to the fundamental tissue; the 
latter also often includes certain forms of conducting tissue. In 
the gametophytes of these and of the lower idants tho differen- 
tiation into those throe systems is not nearly so oonijdeto. In 
most only tho opidoiinal and ground tissues are represented , 
in some only the latter In the Mosses there is a solid central 
portion which though not truly \ asoular tissue is an indication 
of it. 



TISSUE SYSTEMS 


321 


In a growing point of the sporopliy tes mentioned above, whose 
structure has been described, indications of these throe systems 
can be seen. In fig. 701 we have a lepiesontation of such a 
growiillr point The outer layer of cells is seen to be continuous 
over the surface , it forms 
the detinatogen which when 
adult becomes known as the 
e^p^de'} Centrally there is 
a mass of cells which show a 
general tendency to become 
longer than broad. This is 
known as the filer ome it 
develops into a bulky strand 
or cylinder of tissue known as 
the Btele^ in which well-defined 
collections of cells known as 
vaht Ilia} hiDidlcs oiiginato 
Between the two thoie is a 
eylindei ol tissue known as 
thoj^ci which consists of 

gionnd or fniulamont<il tissue. 

In some grow ing points with 
small-celled inenstems these 
three s;y steius can bo seen to 
originate in definite layeis of 
the iueiist(‘m In further 
doielopment the stole is usually found to contain a certain 
amount of giound tissue besides the vascular bundles We 
ixiay. therefore, distinguish between Hfchii and (wha-htvhu 
ground tissue, the latter only arising from the pciibloin. 



Fi*f 


(howiJiff ptnul of the ^tom of a 
Aitt‘1 Uonliot <i Deiinato- 
fjen po pi lUerome Z Yoiinpf 

Itnif 


Tixk EpiDKitMAn Tissxtk System. 

The body of nearly all jdants which consist of a mass of 
colls iH eoxered by a thin inouibrano composed of a sheet of 
cells. In the shoots of the higher plants this is derived from 
the entire dermatogon, and is known as the epidermis. It is 
usually only one cell thick. In tlie roots the dermatogen gives 
rise at the apex to many layers of cells, forming tlio root-eax) 
In most Dicotyledons the innermost of these layers is con- 
tinued backwards over the surface, and bears the root-hairs, 
being known as tlie jnhfenme lagrr. Tn the roots f>f Mono- 
yon. T. y 
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cotyledons and Cryptogams the tiue epidermis only persists 
at the apex, forming as befoie a many-layered root- cap. The 
root bears a piliferous la3?^er, but it is in these cases the ex- 
ternal layer of the peiiblem The external layer of^‘oots is 
consequently not a true epidermis ; it is generally termed the 
ej^%blema 

The cells of the dermatogen are somewhat oblong when seen 
in section, and are usually rich m protoplasm As they giow 
older the walls become thickened, especially on the outer 
surface Viewed from the surface they present a great variety 
of outline The thickened walls become cuticulaiised to a 
variable extent, but particularly their outer layeis In xexy 
thick- waUed cells these outer cuticularised la^^ers can often bo 
stripped oif, forming a sort of detachable stiuctureless mem- 
brane, termed the cwUclc {fig. 705). As they grow older they 
lose a great deal of their protoplasmic contents, and are filled 
with little more than water. The outer layers are often 
impregnated with wax, which sometimes is so great in quantity 
that a coatmg of waxy particles is found to be deposited on the 
exteiior 

The cells of the epidermis in the lower forms and in some 
aquatic members of the flowering plants contain chloroplastids, 
but as a general rule these are absent fiom them The epidermis 
of aquatic plants does not become cuticularised. Though usually 
only one cell thick, there are many cases where the epidermis 
consists of several layers. In the leaves of certain plants, 
such as {fig. 642), there are two or threo layers In 

the root-cap {fig. 763, p 370) we have several layers , in various 
aerial roots, such as those of epiphytic Orchids, there is a special 
epidermis consisting of many layers of cells which have curiously 
pitted walls and no cell- contents 

The cells of the epidermis are with certain exceptions in close 
contact with each other, forming a continuous covering to the 
plant without any intercellular spaces This continuous coating 
is, however, interrupted at the apex of shoots whose gi'owing 
point IS marked by the presence of an apical cell {fig. 706), 
the latter always being external. In some shoots, as in the 
thallus of FelvcUa, the growing point is depressed, in conse- 
quence of the growth of the lateral segments of the ax)ical cell 
{fig^ 707). 

The epidermis of the shoot in all sporophytes presents a 
number of intercellular spaces, produced by the Rx>htting of the 
common wall of two contiguous cells, known as guard-cells, 
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immediately over a confipicuous intercellular space of the sub- 
jacent region These apertures, known as stoniata^ may be 
regarded as the means of communication betwcon the mtei- 
celluliar space system and the outer an 


Fig 702. 


Fig 703 



FiU 7Uii Vn tioal section tin ousirli the leat of a Baiiksia a TSintleimis 
I SpoimiloTiu tmeneli\m,i b llans which n< coiitniied m little ilc- 
inossions ou the uiulci smlicc ot the le it, iikI at whose h isi* iKCulun 

stomiba ue toniwl Atti'i Sohh*i(l<?n Fn/ 71)1 npideimal tissue fioiii 

the leaf of thi t\i^ i / ns fft t ln(t^n^a^ /t,j} Cuticle s, s, i Oval htoinnta 
in Miinlei mil (‘ills A tbei Jussieu 


The cells of the epidorniis are often iirolongod outwards in 
the form of lian s, or trichomes. These aro borne alike upon the 


Frt, 70 h 


F’m 705 



Fiff 704 HiuuotiR <‘j>I<U*rmi8 with sti>«i«ita, from tlie ganlen Balsam 

Ft^ 70ft. Vertical actitlon of the «*pl(lcrmls of /Jfoifa cm nom trcattxl with 
cttUHtIo potash «. The ilctaolicnl out4ck». h The thiokcueil outloulanacd 
layerrt of the oufci»r walls of the cphlcrmal oell« Aftci Mohl. 


sporophyte and the ganiotophyto. T'hey present considerable 
variety of form and structure. 

Stomata, -These are orifices situated between the sides of 

2 
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some of the epidermal cells, and opening into the intex cellular 
cavities beneath, so as to allow a free communication between 
the internal tissues and the external air (.figs 708, s, and 709, s). 

Fig 706. Fig 707. 



Fi(f Giowmg' point of shoot of x 260 a Apual 

cell h, c Suecessire segment'? cut ofi horn it Fiff 707 Glowing 

point of tlie tballus of Felvetm a Apica' coll x 26(J ACtoi Kn\ 



The oiifices are surrounded by cells with thinner walls and of a 
different form from those of the other epidermal cells ; they 
also contain some chloioi>hyll grams. There are genoially 
but two cells surrounding the orifice, 
Fig 708. these are commonly of a more oi 

less semilunar form. These bordering 
cells are called ^ guard-celU^ and have 
the power of opening or closing the orifice 
which they surround according to circum- 
stances, as will bo oxj)lamod hereafter 
when treating of the functions of stomata 
in the part devoted to the Physiology of 
Plants. 

Upon making a vertical section through 
a stoma we usually find that the guard- 
cells are plac.ed nearly or <j[uite on a level 
opiderims. In some cases, however, and 
ospocially when situated upon leaves of a leathery or harclonod 


Fig 708 Vertical section 
of the epidei mis ot the 
Ins V The stoma 
e I'lpitlermis p 
Paieuchyma beneath 
the opKienms I In- 
tel cellular space into 
which the stoma 
opens 

With those of the 
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texture, tlie stomatal cells aie below the epidermal ones, wbile 
m some rare instances, agam, they are above them. 


^ Fig 709 



Fig 709 p Pareucliyma of the leaf e Epidermis cells s. Stoma 
% Air-canty In those figures the development of the stoma of ffyemn- 
thus a) is represented from the firbt division of the inothci*cell in 

A into two daughter-cellb, to the complete separation shown in j> After 
Sachs 


Fift 710 


The stomata vaiy in foim and position m different plants, 
and m different i)aits of the same plant, but they aie always the 
aajne in any paiticulai part of a plant They are either placed 
singly upon the epidermis, at regular 
703) or mcgnlar intervals, or in 
clusters, the intei\ening opideimis 
ha\ing none ( fig 710) The former is 
the more common arrangement. In 
Banlsia and somo other plants we 
find little cavities in the under snx’- 
Itico of the loaves which contain a 
number of hairs {fig. 702, 7;), and 
botwoon them, at then base, \cry 
small stomata. 

The numlier of stomata \aiios con- 
siderably The following table will 
give some idea of thoir abundance in 
leaves, and it will bo observed that the 
number of stomata is usually greatest 
in those loaves where they are entirely absent from thoir upper 
surface. 



Fut 7U) Kpideimis ot the leaf 
<)t a Bi)rcioa of Sarifruga, 
showing oluhtored water- 
puxcH, fl, with inteivonnig 
spaooB, in "which they 
arc ahsont 
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Stomata vn one Squaie Inch of Siufcice* 


Mezereon 

tJppei sill face 
. none 

Low til suiface 

4,000 

Paeony . 

none 

13,790 

Vine 

none 

13,600 

Olive 

none 

57,600 

Holly . 

none 

63,600 

Laurustinus 

none 

90,000 

Cheiry-lauiel 

none 

90,000 

Lilac 

none 

160,000 

Hydrangea 

none 

160,000 

Mistletoe 

200 

200 

Tradescantia 

2,000 

2,000 

House Leek 

10,710 

11,572 

6,000 

Garden Flag 

11,572 

Aloe 

26,000 

20,000 

40,000 

Yucca 

40,000 

Clove Pink 

38,500 

38,500 


The distribution of stomata over the siirface of the sporophyte 
varies very much. They are tonnd es]iecially upon leaves, more 
particulaily on their under surface On the Hoating leaves of 
water plants, as m the Water-lily, however, we find them only 
on the upper sui face , while m vertical leaves the stomata aio 
e(xually distributed on the two smfaces They occur also on the 
young green stem and branches of plants, and on xiaits of tlio 
flower In those plants which have no foliage lca\os, as the 
Gactacece^ they abound upon the green succulent stems They 
are absent, as a inle, fiom roots and all submersed parts of 
plants 

Though the guard-cells of stomata can usually \'ary the 
size of the opening, or altogether close it, according to circum- 
stances, this is not universally the case In some plants largo sto- 
mata occur whose guard-cells cannot change their form sufhciontly 
to do fchis. These, which are known as ioafe'f-Bio7nafa or wator- 
jDores, are chiefly concerned in the e\ciction of water, the ordinary 
form being adaxitod to regulate the escape of \\ atei,> vapour only. 

Halts at TtzcJionirs — These are prolongations c\tonialIy of 
the epidermal colls Each consists of a yoot or part ombaddtul 
among the other exndermal colls, and a hodi/ or part extending 
outwards. They may be unicellular or multicellular, and oiihor 
kind may be variously forked or bianehcd The eompouont 
cells of multicellular bans may be viiriously arranged. Oom- 
monly they are jdacod end to end in a single row, so that the 
hairs assume a more or less cylindrical form. Jioth multi- 
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cellular and unicellular hairs, again, instead of being erect, may 
develop horizontally in a more or less circular manner, and 
foim stellate Jmvts^ as in the Ivy, in Deu^^^a scabrcu^ &c. ; or 
the coAiponent cells may develop in opposite directions from 
another cell raised above the level of the epidermis, so as to 
produce what is termed a sliAeld-like ot 2^eltate havr. 

Scales are modifications of stellate hairs. They may be 
defined as flattened, membranous, more or less rounded plates, 
attached by the centre, and presenting a moie or loss irregular 
margin from the unequal prolongation of the component cells 
These scales are particularly abundant on the 
surface of some plants, to which they com- 


mumcate a scurfy or silvery appearance, as 
in the JBloiaqnus. 

Other modifications of hairs which are 
allied to the above are the rmnenta or 'ia- 
mentaceous lba^)s so frequently found upon 
the stems and petioles of Eoins These con- 
sist of a la,v ei of cells combined so as to form 
a brownish flattened scale attached by its 
base to the surface of the epidermis from 
winch it glows. 

Hairs must be distinguished from prickles 
and some other allied structuies, as warts 
&c , which aiiso from the sub-epidormal tissue 
as well as the epidermis, and which have 



boon termed emeif/cnecs. Those, again, jp’n/ 7ii Roofc-haus 
should 1)0 carefully distinguished from JSimg ^ 

winch wo have seen to bo abortive branches 


The ordinary hairs above described arc either empty, or they 
contain iluid of a watery natuio, which may bo colouiless or 
coloured. 


Hairs occur upon various parts of i)lants ; their more common 
position IS upon the leaves, stems, and young branches, but they 
may also bo found on the flower-stalks, bracts, parts of the 
flower, the fruit, and the seed. On young roots wo find also cells 
X)rolonged beyond the surface winch are of the naturo of hairs, 
and have thoroforo been t<*rmod rooUJimra {pg, 711) The hairs 
which occur on the parts of the flower frequently play an in- 
direct part m tho process of fertilisation by collecting the xiollen 
which falls from the authors; hence such arc termed colled- 


%ng hairs. Tiio collecting hairs, which occur on tho stylo of 
the species of Cofn^ganula^ aro peculiar from their upper 
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end retracting within their lower, at the period of fertilisa- 
tion 

Besides the forms of glandular tissue already desoiibed, 
certain secretions are foimed m peculiar hairs Thci^e may 
arise Irom a single cell of the epideimis or horn several In 
some cases the secietion is formed inside one or more cells , in 
others it is due to a degeneration of the cell- wall, and then accii- 


PiG 712 Fig 714 



rt(t 713 Grlaudulni Imus fxom PmmuJa a Younpr hau, h Hau 

fallowing secietiou formed in ilie cell- wall ot tlie tcilmmil coll c JIali 

after discharge of the seoietion 713 Olandulnr hairs from Hop a 

Young hair B Mature hair w Sccietion undei the cuticle Pty 711 

Sting of a species of MaJpiffhia e J^indermis ?», ft, Ulandulai appa- 

latiifa Fi(/ 715 Stiiigol the common Nettle (,Ui /zia dioica), coualsting 

of a single cell with a bulbous eviMinaiou at its base, ft, and tciminated 
above by a swelling, s, and cuntaiuiug a gianuliu nutating huul,/,y 
u e Epidermal celS bui rounding its base 

mnlates under the cuticle of the terminal cell or colls {fitja* 712 
and 713) These glandular hairs or ovternal glands may bo 
sossilo or stalked. If sessile they iiresont various appeal ances, 
and consist, like the former, of cither one socroting cell, or of two 
orinoie Those with one secreting cell placed above the level of 
the epidermis are Irequently termed , and it is to thoir 

presence upon the suiface of the Ice-plant {Mc&cmhryanthcnmm 
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m ystaXlvmim) that tlie peculiar crystalline api^earance of that 
plant IS due. 

When a sessile gland contains an irritating fluid, and is 
prolonged above into one or more hair-like processes, which 
are placed horizontally {ficj 714), or veitically {^fig 715), we 
have a Bivng formed 

In the Nettle {jig 715) the sting consists of a single cell, 
enlarged at its base, 6, by an iiritating fluid /, /, which it con- 
tains, and tapermg upwaids to near the apex, when it again 
expands into a rounded or pointed head, 5. The enlarged baso 
is closely invested by a dense layer of epidermal cells, w e, 
which forms a kind of case to it. In touching a Nettle lightly 
the knob -like head, s, is broken off, and the sharp point of 
the sting then left enters the skin, while the irritating fluid is 
pushed up at the same time into the wound by the pressure 
occasioned by the elastic force of the surrounding epidermal 
cells, w e 

The Ground or EuNDAMKNrAii Tissue System 

Undoineath tho epidoimis in tho gamotophyte of all cellular 
plants which show any diffeiontiation of tissues, wo find a mass 
of cells which constitutes the ground or fundamental tissue 
in the sporophytc of tho vascuJai plants, which is there the 
prominent form, wo can distmgnibli in addition a cential stele 
or stoles, laigcly composed of vascular tissue, but containing 
some fundamental or conjunctive tissue inteispersod among the 
lattoi {Jiga^ 71(5 and 717) Tho fundamental tissue in these forms 
may bo spoken of as o\tra-stolai and btclai lespoctively, tho 
former derived from tlio peiibloni, the latter from the plovomo. 
If theie 1)0 a single sUdo tho e\tra-htelar iuudaiiu'utal lissuo 
constitutes what is known as the cortov, and has tho form of a 
hollow cylinder 

The sMay or conjunctive tissue has ^a^ous 

modcB of arrangement in dilteieut axes. 

CJenorally ground tissue is composed of xiareiichyma, tho cells 
being polygonal in outline and thiu-walled, with intercellular 
spaces botv*oon. tho colls. Boinotmies the walls are slightly 
thickened, and thou show jixts upon their surfaces The tissue 
may contain, however, fibres or masses of soloronchyma or 
colleuohyma, especially when the vascular bundles of the stele 
are not well developed. 

These masses are arranged in diflorent ways, sometimes as 
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a slieatb. underlying the epideimis, sometimes as isolated 
strands m the substance of the coite3v or the pericycle oi e\.teinal 
layer of the stele, sometimes as sheaths or masses, m contact 
with the vascular bundles They may be connected togeldier in 
various ways, and thus form a supporting tissue supplementing 
the vascular bundles These sclerenehymatous and ooUeiiehy- 
matous masses with the hardened elements of the vascular 
bundles are often spoken of as the Btei eoh^e of the plant. 

The cells of the parenchyma retain their protoplasm, and are 
largely concerned in the metabolic processes of the plant The 
outer layers frequently contain chloroplastids, staich, &c. Gene- 

Fie 716, Fig. 717 



JPuj 716 Diagiam of section of monostolio stom oi (licot\loilonon*< plant 

c Goitex h Limit of stele a VassCulax hniKUos 717 Dia^fiam 

of section of moiiostehc «tem oi nionoootyleflonoub plaal: a \ ascular 
bundles c Cortex 5 Limit of stele 


rally m the axis of vascular plants the external layers of the 
cortex differ to a variable extent from those nc^aroi the centre, 
and can be recognised as a well-marked region, often called 
the hypodorma The innermost layer, ^^Inch abuts ui)on the 
stole, oi btoles if thoic arc moio than one, constitutuH tho 
endoderniih 

The hypodeiuif'j is often found to contain supporting tissue. 
In many stems it is composed entirely of layer's of solor<»nchyina, 
as m the rhizomes of many ferns and species of ICquimtUrHu In 
siicculont petioles it is often composed of collonchyma. 

In roots the hypodorma is tho second layer of the cortex, 
and IS known as tho cjcoclermis ifig. 718), Its walls are usually 
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strongly cnticnlariseLl, so that it forms a strongly piotective 
layer In Monocotyledons it persists tliroughont the life of the 
root , in Dicotyledons it is soon shed and leplaced by a deeper 
corky ^formation In some plants the exodermis is several layers 
of cells in thickness. 

In foliage leaves the hypoderma sometimes shows a large 
development of scleren- 
chyina, as in many of the 
Goniferse {fig* 719, li) In 
the leaves of certain Mono- 
cotyledons it consists of 
aqueous tissue ^ being 
made up of thin- walled 
parenchymatous cells 
which contain little more 
than watci, and are packed fuj 718 Outer pai t of loot of Hysicmtii ey 
close togeihoi without Exoaciuus ( cortG\ 

intercellular spaces Some 

succulent lea\es lia\o their gionnd tissue ontiiely composed of 
tins 

Tlie geneial i>iound tissue shows a peculiar character in 
foliage loa\es, the cells, though paienohymatous, not being at all 
liko those of the stem On one or both sides they are found to 




Fuf 71U IVntumot tmusver'to Kiel Urn of loat of /'4ww<i MpUIoiinib, h 
Ifv lUH /•'iff 721) Ho«*tion of l<af of Jiftn KpidoinuH jt ( I'ali- 
Htwlo tissut* Spongy piUODclnmu 


be elongated and arranged in one or several rows, with their 
long axes at right angles to the surface. They have a number 
of chloroplasts embedded in their protoplasm. From their 
mode of arrangement they have been called %Hxlisado tissue 
{fig* 720,j^.)5.). If tins tissue is only on the tipper side of the 
leaf, the lower side shows more irregularly arranged chlorophyll- 
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containing tissue which from the looseness of its airaiigement 
has been called spongy parenchyma {fig 720, sp) It is chiefly 
remarkable for its abundant intercellular spaces 

The general ground tissue of the cortex may coiitaiMT many 
other kinds of tissue already described ; lesin ducts, laticiferous 
tissue, &c., all ocoui in different plants. 

Crossing the cortical tissue of the stem we And blanches of 
the stele passing out to the leaves. As we shall see later, the 
latter aie derived from the jieriblem and deimatogen of the stem, 
the plerome taking no part in their formation. We find in this way 
that parts of the periblem give rise to vascular tissue, though the 
chief place of origin of the latter is the plerome The strands 
of vascular tissue thus derived are known as leaf -trace bundles 
In rare cases certain strands of vascular tissue are found in 
the cortex, taking a course down the stem for some distance 

Fie. 721 Fig 722. 


end 

fie 

Fkj 721 Eudodormi'a and peiio>cle of root of end Endodoinim. 

pG Passage cell pe Pcncycle Fiq 722 Ifludoilciniis of loot with 

cogged thickening 

parallel to the stele These are generally loaf-trace bundles, 
which ultimately curve and jom the bundles of the stole. 

The mneimost layer of the coitex is the endodornns This 
foims a band of peculiar chai actor lound the stele, or round 
each stele if there be more than one The cells composing this 
layer are sometimes thickened umlorml;^* or on tlio sitle facing 
the stele and on the lateral walls . tlioy aro more commonly 
thin- walled with a poculiai laddei like thickomng band extend- 
ing round thoir radial and upper and lower sui faces. This in 
section gives the appearance of /tg, 722. In other cases, par- 
ticularly m stems, the endoderniis is only recognisable with 
difficulty 

In rare cases, as m the roots of liJgulsetum and the stems 
of certain Feins, the ondodcrmis consists of two layers. 

In the cortex a farther modification of ground tissue is 
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developed m all those stems which giow m thickness This is 
the tissue known as cor/t, or xierideiin It is not confined to the 
cortex, though tho latter is the chief seat of its foimation It 
may be formed in the cells of 

the epidermis or from some Pio. 723 

X)art of the tissue of the stele 
In most cases it arises from 
the outermost layer of the 
hypoderma becoming meris- 
matic, and dividing le- 
peatedly by tangential walls 
forming a layer, often several 7^3 Outer portion of cortex of 

cells thiclc. of brxofe-shaped 
cells without mtei spaces (jfitj 

723, cell-walls remain thin, but generally become 

complotoH subeiised. The meiismatio layei of cells is known as 
the plielloqen {fig 723, ) , it is classed as a scco7ic7a} ?/ moristein, 

tho colls logaimng tlio power of diiiding alter having assnmoci 
the condition of peiinanenti tissue 

Somotiuies it is not tho outer la>or of tho hypoderma which 
boeomes 2)hrlloqcN, but one dooxior in tlio corto\ The do 2 >th 
\aiios in dilloront stems it may bo seated so far inwards as to 
bo withm the limits of the stole. It novoi extends within the 
wood of the vascular bundles {Sometimes many phellogcns 
are dovolo]iod m succes 

Sion, each of which gives pia 72i 



use to a. peridoi m lay<* 2 ' 
Whatewor be its origin, 
it gi\os rise to the same 
forms of tissue, externally 
perid('i7ii, and internally 
often to a secondary coi- 
to\ known as 

A variety of ordinary 
pondorin is formed m 
SOI no cases by strata of 
thickened or hardened 



cells ocourrmg among the thiu-wallod subonsed ones. This is the 


case when the activity of tho same phollogon is maintained for 
several ^ ejirs. In roots, p<'ndorm is found less frequently in the 
hypoderma; generally thejdiellogon arises in the external layer of 
tho stele, known as the pericylo. It may or may not be accom- 
panied by a development of jdiollodorm. In leaves tho occurrence 
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of cork IS rare. It is found in the scales of the winter-bud of 
the Horse-chestnut, and in the petiole of Hoya ctn nosa and 
a few other plants 

Cork IS usually foimed as a covei mg ovei any portioi^'of the 
interior of most parts of plants exposed to the an in consequence 
of injury. The injury stimulates the exposed uninjured cellb 


Fio 725 



Piq 725 Section ot stele of root Afboi Ivny vu liimlodeiinw. jpe Pi'ii 
cycle r Xvlem bundles, the i»iotOK\lc*m, Tj, abutting on the perloiclc 
ph Phloem bmnlles altenmtiiig with the biiiulles oi \yli*in p, IMtn, oi 
ooiiiunctive tibbue of the btelo 


to ineiismatic activity, and a phollogen is formed over tho 
wound 

Cork is found in all stems and roots that increase m thick- 
ness, m most Dicotyledons and Gymnosperius , some Mono- 
cotyledons; and in Marattiaovai and Oi^h%0(jlo»»6(e among the 
Ciypfcogams. It does not occur m herbaceous plants. 
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Tho development of coik and its e&ct upon the stmctiire of 
the stem and root in woody plants will be fin*ther discussed in 
connection with the anatomy of these membeis. 

Eiom the ohaiacter of its cell- walls and the airangement of 
its cells, the cork forms a layer impervious to the passage of 
water or gases. At certain places in both stems and roots, 
special structures are developed to allow of the admission of air 
to the tissues underlymg it These are leoiticels. In stems they 
are generally developed iindei places in the epidermis where 
stomata are present. They consist of a little rounded spheiical 
mass of corky colls arranged loosely together. They become 
exposed to the air by rupture of the epidermis above them. In 


Fig 726 Fig 727 



Fu/ 726 Dmfjrtam of monosfcclic stora of I>icoiylc*don ( Poito'^ Limit 

of a Kibn>-vasoiilax bniuUes jtn Pith mt MiHlnllaiy la’V'H 

Fii/f 727 Diujifiam of sti<‘tion of monostolic stoiu of inonofotylcilonom i»laut 
^lE Vavuliir ImmlloB <• Ooitox b Limit ol stole 

the autumn a formation of poridorm takes place under them by 
which the communication with tho exterior is cut oft* till the 
succeeding spring 724) 

The intrastelar ground tissno is soniowhat varied in its dispo- 
sition, In a monostelic stem or root tho whole stele is sur- 
rounded by a layer of usually paronchymatous tissue abutting on 
the endodermis and extending inwards for a variable distance. 
This is known as per u*i/cle. In roots (jffg 126, 3 pe) it is gene 
rally composed of a single layer of cells ; in most stems, of several 
layers. The colls are usually parenchymatous, but bands, rings, 
or patches of soleronohyma may be present- Frequently a 
number of such cells abut upon the vascular bundles. In roots 
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meiismatic tissue is frequently developed m the peiicycle. In 
consequence of this, secondary foimations of both vascular tissue 
and periderm occur theie. In the stem and petiole fiequently 
glandular tissue is met with The disposition of the res^iTof the 
stelar ground tissue depends upon the airangement of the vascu- 
lar bundles m the stele We may distinguish several types. The 


Fig 728 



728 Oollateial bundle fiom stem of a Monocot\ledon, ph Ph20(‘m 
t yebsels pph Piotophloem The bundlo is siiirounilod by a 

small colled slieatli ot scloroucliyma After luiy* 


vascular bundles, few in number, may be arranged as a circle of 
wedge shaped bodies just within tho pericycle, asm the stems of 
Dicotyledons. Then tho conjunctive tissue consists of a central 
mass forming the^ ^ th , and a number of sti ands oxtondiug between 
tho latter and the pericycle, constituting tho so-called medullary 
raija Tho vascular bundles may bo nunierons, and arranged hi 
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a series of ciicles or irregularly in the stele, as in the steins of 
Monocotyledons Theie is, then, no pith, but merely mterfasci 
cular ground tissue The latter is generally most conspicuous 
toward,^ the centre of the stele The stele may consist of a 
solid vasculai cylinder containing no conjunctive tissue at all, or 
only a little dipping in from the porieyele in the intervals 
between the bundles, as in many loots In these places, as in 
the pencycle, the ground tissue is often found to contain 
sclerenchyma, either m isolated patches oi forming sheaths 
round the vascular bundles, as m the stems of Monocotyledons 
728) , isolated vascular bundles sometimes occur in the pith 
Where a large pith exists the cells of it tend after a time to bieak 


Fig 729 



Fitf 720 t)t stem ol Veiu, composed of tlnco fused concentric biiiidleb 

m Kndodciniis p4' I’ciicyle ph Plilocm pt (honps of piofc(>\ylum 


Up and disappear, forming hollow stems asm the U mhclhfera*. 
Those hollow stems aio extreme instances of lysigonous for- 
mations 

In polystelic stems each stole, iii addition to its envelope of 
ondodormis, is surrounded by a layer of pencyclo. Such steles 
are usually solid vascular tissue, and do not show either pith or 
interfascicular ground tissue {fig. 729). 

Thk Vasculau Tissue Bystem. 

The Htklk. - Wo have soon that the centre of the tissue of 
bho growing point| which has boon named the pleroine, develops 
into a solid strand of complex character, forming the atele. 
Usually this romains single throughout the axis, and the plant 
is termed monoatelic. The arrangements of its parts are 
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different in the stem and the root, bnt there is a single central 
cylinder running throughout the whole axis. From it separate 
portions, known as merzsteles, pass outwards to the leaves If 
a section of such a stele be taken a little way behind tho gi owing 
point, there can be seen variously placed in it a numbei of col- 
lections or groups of small cells, ^eiy well defined and marked 
off conspicuously from the lest of the tissue These aie sec- 
tions of strands of cells, called ^rocaTiibzum sti anda^ which a 
little later are transfoimed into the vascula) bundle s Gieat 
differences appear m different steles m the composition and 
arrangement of the latter, as alieady described. Between them 

Fig 730 
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Fxn 730 Polj Btelic stem of Fci n Stoles st Bands <»f soloiontli^ mu /n/ 

H^podeimal bcleieucliiyma i*jif Eiudoimis 

we find giound tissue, and a layer of the same, the ]>oi icicle, 
surrounds the whole stele externally, lying m contact with tho 
endodennis 

In many stems this monoslelic strncturo is not found 
Seveial separate steles soiuotimos exist, each containing 
vascular bundles and surrounded by la;^crs of poncyclo an<l 
endodermis. fcJuch stems are known as polyateho (Jif/* 780). 
In some stems of this type the separate stoics, or some of thcjin, 
fuse together for variable distances along "fchoir course. Tlie 
poncycle and ondodoriuis then surround tho mass formed by 
such fusion, and wo have the arrangomciit known as gamoutely^ 
Xu other cases no distinct stele can be found, but a number of 
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strands run separately in the stem, each being composed of one 
vascular bundle The lattei m this case corresponds with the 
limits of the stele, and we have the condition called astely^ or 
sclvhzihtely 

This differs from polystely m that each stele in the latter case 
IS composed of two or more vascular bundles. 

The Perzcijcle — As we have seen, this portion of the stele 
IS to be regal (3 ed as ground tissue It presents certain charac 
teristic features in different portions of the axis Generally, its 
cells are thin- walled and parenchymatous, and form a continuous 
layer over the stele. In the stem it is usually several layers of 
cells thick, and may contain a variety of tissues, including bands 
or strands of collenchyma, sclerench 5 maa, or glandular tissue 
In the root it is usually only one cell thick, and the cells are 
all parenchymatous- An exception is found in neaily all 
Gymnosperms where it is many -layered There is, however, a 

good deal of variety in its construction in many roots It is not 
always continuous, being absent behind the woody btmdlcb of 
many gia&bes and sedges and some other Monocotyledons, in 
which the protoxylem cells abut dnectly on the endodermis. 
In other oases its continuity is interrupted behind the bundles 
of the bast, i)artioulaily m several atxuatic Monocotyledons. 

Though generally of uniform thickness in roots, this is not 
witliout exception. It may bo several cells thick opposite to the 
bast bundles, as in the aerial roots of some Orchids, or behind 
tho wood bundles, asm some Ijeguminoece, Where it is many- 
layered the cells may become sclerotisod- 

The peiicycle is often the seat of secondary’' formations, due 
to its cells becoming merismatie Phcllogens especially arise 
there, heading to tho development of layers of cork This is 
particularly tho ease m roots, where the pheliogon extends 
completely round the stole. Another meristem giving rise to 
vascular olomonts xs also dovolojied in tho i>erieycle of the root , 
but this is discontinuous, oceuning only outside the bundles of the 
wood. Its separate parts join a number of strands of a similar 
monstom arising more deeply in tho stele, forming thus a smuous 
ring of generating tissue, or t amhium. In all plants above the 
Vascular Cryptogams the peri cycle gives rise to the lateral rootlets 
In some aquatic roots tho pericyclo is not present, but the 
vascular tissue of tho stole abuts directly on tho endodermis. 
This IS tho case also in tho roots of the Mguieebacea^^ and in tho 
stems of Salvinia and Azolla^ where the endodermis is two* 
layered- 
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The Vascular Bundles , — Each fully clitfeientiated vascular 
bundle consists usually of two parts, called the xijlem, oi tvood, 
and the jidilocm^ or bast The xylein is made up of what lias 
been described as tracheal tissue ini\ed with a ceitam erixount 
of wood parenchyma and wood fibres Its walls are always 
lignified, and usually the cells aie empty of contents Tlio 
phloem IS made up laigely of sieve tissue with a little paren- 
chyma. Associated usually with it are also a certain, sometimes 

Fig 731 





1 
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Fiq 731 Oollatcial bundle of Itecium en ^^ud()dc*uni^ Phlotuu 

c Cambmm pj; Protoxjlom Xylcm ?/< liiteifasoiouhir cam 
bium After Sachs 

a large, number of fibres. Bast or phloem cells are never 
lignified, and always contain protoplasm. 

In addition to wood and bast certain bundles contain a 
thm layer of meristem, known as camhvum. 

The wood and bast, though usually combined into a single 
bundle, may be sepaiate, when they are spoken of as wood or 
bast bundles rospoctivoly 

The number of bundles in a stele varies greatly. They are 
usually very numerous ui the stems ot Monocotyledons {fig, 727), 
few in those of Dicotyledons 726) and Cryptogams 
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{fig 729), or there may be only a single one, as in the separate 
steles of schizostelic stems 

According to the mode ot arrangement of the wood and bast, 
we ha^e several types of vasenlai bundle The two pimcipal 
ones are the collateral and the co7ice7it)%c. 

Collateral Bundles , — We distinguish again two kinds of these, 


Eio 732 



Fti/ 733. C^ollatoial ImiKlUs from stem of a Mouot’ofcvlctlon ph, 

r. Xylem vohh<‘Im. pph Pr«tophlO(*m TUo bundle is Bin rounded by a 
sniull colle<l Bheatb oCae^oieneUynia Affcci Kny 

one oharaoteristio chiefly of the stems of Gyinnosperins and 
Dicotyledons, the other of thoso of Monocotyledons. 

In the first variety the bundle is roughly wedge-shaped, and 
tho bast IS placed behind tho wood ( figs 731, and 74.‘5, b) Tho 
orientation of tho bundle or its position in the stele is sxteh that 
the narrow end of tho wedge is directed towards tho oeutro of tho 
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stem, and its broad end towards the periphery. In such a bundle 
the wood and the hast are generally separated by a band or layer 
of cambium. In some eases the wood and bast in a bundle of this 
type are in contact with each other, and there is therefore no 
cambium. Such a bundle is said to be closed^ in contiadistinc- 
tion to the form in which all thiee are present. A bundle 
possessing cambium, which is a mcristem, is capable of continued 
mcrease m size, and is said to be o;pen 

Some bundles of tins type, occurring especially in Gucuyhi- 


Fig 733 



Fig 7ZZ Oonoentnc bundle from Pern atom m TilndodeimiH IVu- 
cyolo Phloom p’t Pjotojcylom r X\Iew 

tacem and a few other natural orders, have a second bast 
bundle on the inner face of the wood Those are called 
hzcollateral 

The second variety of collate! al bundle is not so markedly 
wedge-shaped. The wood is never sei)arated from the bast by 
a cambium layer, but tends to curve partially round it as in 
fig 732 The orientation of these bundles is similar to that 
of the first type 

O on cenir%o Bundles — Of this form we have again two varieties. 
In most the wood is contial, and is surrounded by a layer of 
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bast. This is soon in most Ferns {fig, 733) Sometimes a con- 
centric bundle is formed by the fusion of a number of wood 

Fm 734 



Fi<t 73 1 Stole of stem of Foin, composed of tin oo fused concoiiti ic tmiidloii 
i'n Endodeimis %h> Ponc^le pli Phloem i>k (lioiips of pioto\\lem 
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bxmdles to form a smgle mass, which is siirroundecl by a rmg of 
bast, which is also the result of a fusion of separate bundles. 
Such a bundle is termed gamodeamio ’ it may be seen in many 
Ferns and Selagmellas {fig 784) It is better regaid5& as a 
stele 


Fig. 786 



736 Section of stele of root Aftei Knv en KinlodoiniH pe 
c\cle ; Xylem bundles, the protox:>Iem, abutting? on the ponevole 
P?i Pliloum bundles alternating with the bniidles ot \}lma. p iMtli, or 
con]iuiot3vo tisbiie of the stele. 


In the other variety we find the bast central, and the wood 
surrounding it. It occurs in a few Monocotyledons {fig 785). 
Concentric bundles never contain any cambium. 

The stele of the root has its wood and bast bundles separate 
from each other. They are said to be Tad%ally arranged as they 
lie side by side alternately m a circle round the axis {fig* 786), 
They are always separated by intorfascicular ground tissue. 
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A \ariety, which leads to an apparently very complicated struc- 
ture m the adult form, is found in the stems of Jhycojpodiuvi and 
some allied plants, where the sepaiate bundles ultimately 
becomi gamodesmio. 

The longitudinal course of the bundles in the stele varies 
very much in diiferent stems, and will be best desozibed when 
dealing with the stiuctuie of the latter 

In some oases they can he tiaoed up to the plerome, beyond 
the insertion of the leaves, when the bundles aie called caitlme 


Pig 737. 
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Far 7\7 lliwlml V{*i ti<Ml socbion an iiuli'hnito tibi o-v«isc*ulni IjiinUlo 

lioni tin* stain of tl)<‘ hunllo\N<‘i p' J»ibli s' Spn il vt 
/#*///) w', 1/ Wood oolls ;#, // PiUod \t'ssoK < ('unl)ium s/, biovo 

tula‘s pfi Fi))u‘s<d f In* jun u»\i Ic // Unatlli* slioiith (' {S)rtc‘v Alt(‘i 
I’lantl. 

Tn other cases they bond outwards and ond m the young leaves 
Being coninion to Btoni and loaf, they are known as common 
bundles. 


Diffcyeniiation of the Bundles. 

The transformation of the prooambmm mensmatio cells into 
the x>®nnanont tissue of the vascular bundle does not take place 
all at once, but begins at deRuito spots Jind extends in a regular 
manner from those points. In the first type of collateral bundle 
described above the development of wood starts by the differentia- 
tion of a spiral or annular vessel or row of trachoids situated, 
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with few exceptions, at the apex of the wedge, foimmg the 
ioxylem {fig 738, px) This is the only point at which spiral or 
annular vessels ever occur in such a bundle The diiferentiation 
then proceeds gradually backwards or centiifugally, foimiUig the 
^rvma/ry wood, which consists of vasoulai and parenchymatous 
elements with thickened ligmfied walls. The vessels and 
tracheids are variously pitted, as aheady described, and they 
lose their protoplasmic contents 

The outer part or bast of this type of bundle begins to be 


Fie 738 
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Fig 738, CoUateial buiidlo of RUnun en Eudoclormn ph rhlocm 
c Cambmm px Protoxylein 't Xylom ?/<• Inborfas<‘ioiiIai cambium 

differentiated at a place at the exterior of the wedge-shaped 
mass, where a few sieve tubes and their conix>anion colls may 
be observed These constitute the protophloem* Their shape 
becomes altered by pressure within tho bast, and their walls 
appear swollen and their cavities almost indistinguishable. Tlio 
differentiation of the rest of the bast proceeds tlien contripetally 
towards the wood In some cases tho wood and bast come to 
meet as above described , lu othej s a baud of the prooambium 
between them does not bocomo x>ermanout tissue, but retains its 
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merismatic powers Thas constitutes tlie cam'b%um of the bundle 
{fig 738, c) Its cells are usually elongated parenchyma with 
thin walls and granular piotoplasm. By this merismatic lajer 
the barft on the one side and the wood on the other aie increased, 
so that the conjoint bundle glows both forwards and backwards, 
fasciculai cambium is a primary meristem. 


Fia 739 



/'VfA 73», fr(»m Hti*m of a MoiU)ootyle<lon p7i PhloSm 

I vohwIh PHjt<»pliIcM»!u Thobuytllo iu smioumlwl by a 

KtnaU ft'Uutl Hhottth of lua After Kny, 


The collateral bundle of the second type is similarly de- 
veloped from the procambium strand. The protoxylem is an 
annular or spiral vessel of some sis?o, occupying a position, in 
the front of the bundle. Frequently it abuts on a lysigenous 
intercellular space, as seen in fig, 739, The protophloem, again. 
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lies at the back of the bast , there is no cambmm left betii een 
the bast and wood 

In the concentric bundle both protoxylem and piotophloem 
can be identified If the section of the bundle be circulSor, the 
protoxylem lies at the centre of the cncle {fig^ 733; In con- 


Fxg. 740. 



Ftt/ 740 Section of stele of root Aftex Kiiy w, Kinlcxlox tniH. pr 
Pericycle i Xylem bundles, the proto 'v.yh'in, t „ abnttf n#f on the poi ic\ do, 
ph Phloem bundles alternating with the bundles of \ylein j) I'ith, or 
couTuuctive tissue of the stele 


centric gaxnodesnno bundles there may bo several p^oiips of 
protoxylem, as in some Ferns and Bola^^mollas (jftg. 734). The 
protophloem arises at one or more points on the outside of the 
circumferential zone of bast 

In radially arranged bundles each strand of procambinm 
becomoB completely con\ orted into either wood or bast. The 


TISSUE SYSTEMS 


849 


position of both protoxylem and protophlocm in these is always 
external {fig 736), so that tho ditteientiation of the primai'y 
wood IS centiipetal instead of centiifiigal, as in the collateral 
liundlfts 

This difference of direction of formation of the piimary 
wood IS one of the most impoitant anatomical differences 
between the stem and the loot of a phanerogamic plant- 
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CHAPTEB IV. 

THE STRUCTURE OF THE STEM 

Dicotyledonous Type 

As we have already indicated, the stem shov-s consideiablo vaiia* 
tion in its striietme, dependent chiefly upon the arrangement of 
the vascular tissue m the stele In the great majority of forms 

the stem is monostelie, and 
its tissues 0*1 e arranged in 
one of two plans, leading to 
recognition of the two types 
especially characteristic of 
Dicotyledons and Monocoty- 
ledons respectively 

The dicotyledonous stem 
m its veiy young condition 
shows us in a longitudinal 
section of its apex a inoristein 
of small cells, iisuallv dis- 
plaving epidornns, penhloin, 
and pleronio (//</. 741). A 
lifctle way behind the apo\ 
the ploroino can be seen in 
transverse sections to bo 
maiked off more or less dis- 
tinctly by tlio innoriuost layer 
of the poiibloin 

The opidormis consists of 
a shoot of c<01s With cuticulai- 
isod external walls, closqly attaclied to each oth(*r, and ha\ nig no 
intercellular spaces except the stomata, of winch it bears a con- 
siderable number The cells aio usually empty »av<3 for the 
presence of water, except in aquatic plants, wdion they contain 
chloroplastids. These steins have no stomata Frequently the 
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Fui 741 Oiownij? point of the fatom of 
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epidermis is provided with hairs of various shapes, and occasion- 
ally secreting cells are found among the others The hairs, too, 
are often glandulai. 

The cortex consists typically of parenchyma, with numerous 
intercellulai spaces The outer layers frequently contain 
chloroplastids, starch grains, &c Bands, sheaths, or isolated 
patches of sclerenchyma are often present The innermost 
layer constitutes a sheath round the stele, named the endodermis, 
winch is sometimes conspicuous, but generally veiy difficult to 

Fia 742 


en ph c ij < 



})t t 


Fitf 71i* ot /in limit mi Knrtodpimis ph Ulilocni 
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disermunate. It can often bo detennined by its colls being 
crowded with starch grains 

The cort(‘\ soiuctiinc^s thickens m longitudinal lines, making 
tbo stem nbhr/h or in isolated spots, x^^roducing eme/r/cnccs or 
jirtcllea. Jiolh ribs and prickles are covered by epidermis. 

The opidornurt and cortex xiorsisb throughout the life of 
herbaceous MteiiiH, but in tlioso which iiicicaBe much in thick- 
ness both are ultiniatel.> rejilaced by bark. 

Not far from the axiox of the stelo the xi^^ocaiubimu bundles 
become diCTerentiated, and in transverse section aro seen to ho 
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Fir/ 74S Biaj^ram of stem of Dioofcylctlou at tlat'c aK<*s A Youuk on«<U 
tion showing commenooim»nt of difPorontiation ot the sU*lo and its fllbru 
y ftscular buudloh a I ^rocumbium bniullus arising i n A, 1 1 u' sfcoU*, **, ( \»rtex 
mt Mi'diillarv ia\ p/ Pith B A littlo oldoi stage, p J*h!oem 
j Xvk*m f Faseiculm oaiuluum t Tutoifaseieuhu eanibium 0«e<»f 
the bundles has been shaded v Ol(2ei stage after tin* vonummvenwrit of 
second aiy tint ken ing y;/ Ptotox>lcm ISt‘(*on(lai v wood ph Heeon 
chiiy ba t n Now bundles formed by the inieifas<*i(‘uiai cttinlnum in the 
primary medullary lays ^’he seconulai v metlullarv rajs an* iudloatod by 
the blatk radial line^, in the bundles After Saebs 
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in a i"ing suiroiinding the cential pith. They are sepaiated by 
conjunctive ground tissue -which extends from the pith to the 
circumfeieiitial perieycle. These strands constitute the primary 
medtiH^ry rays As they get older the differentiation of the 
vascular bundles from the procambiiiin takes jplace, the pioto- 
xylem lying next the pith, and the protophloem abutting on 
the peiieycle The bundles of such a stem are collateial, When 
they are numerous, and consequently close together, the proto- 
xylems form a more or less evident ring round the pith, and 
constitute the so-called meduTla'ty sheath. 

The difrerentiation of the vascular elements does not usually 
extend tin oughout the bundle, but a narrow layer of meristem 
IS left between the bast and wood, the camhvum {fiq 742, c) 

By this meristem new wood and bast are formed by repeated 
divisions of a single layer of cells, the wood upon its inteiior, the 
hast upon its exterioi suiface By the activity of the cambium, 
therefoie, the individual bundles grow in a ladial direction The 
diMSions of the cambium aie ehiedy in a tangential diiection, 
but ladial ones also take iilaee 

Soon aftei the ditleientiation of the primaiy bundles is com 
lileto, changes take place in ccitam cells of the medullary 
which become meii&matic and ioim a band of cambium acioss 
the lays This always occurs between the cambiums of the con- 
tiguous bundles, so giving rise to a ring of cambium lound the 
stem at that point The portion of tho ring which is formed 
in tho rays, and which diEcisfrom the rest by being a secondary 
incnstein, is known as iho %nte'ijasciiida} cambium (/zr/ 742, 
?/ r) Tho mterfascicnla-r cambium not only foims new parenchy- 
matous tissue in tho ray, maintaining its existence, hut part of 
it foi'ins also new wood and bast like the cambium of the 
bundle Wo majy got new vaseulai bnndlos intercalated m tins 
w'ay between tho oiiginal ones, oi wo may have tho latter con- 
tinuallj’- increasing in bioadth,thcu number remaining constant. 
When now bundles are thus foiuied they can bo distinguished 
in the stem by not possessing any piotoxylem, and by not 
being continued outwards into tlio leaves as aro the pi unary ones 
Now medullary ra>s or radial bands of parenchyma are 
formed m the substance of tho bundles by tho cambium as the 
mass of wood increasoH, which aro known as secondary medullary 
rays. They diilov from tho original ones by not oxtendmg to 
tho pith on tho one hand or to the pcrxcycle on tho other Thoir 
extent in a vortical direction also varies consideiably m dilTercnt 
cases, 
von X 
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The medullary rays, both piimary and secondary’’, usually 
•widen out m the bast in consequence of the sti etching of the 
tissue brought about by the continuous inciease of the central 
mass of wood This leads to radial divisions of the cell^of the 
medullary rays towaids their outer ends 

The cells formed by the cambium undergo similar tians- 
formations to those of the proeambium. The tissue of the two 
meristemsis somewhat different, however, the piocambmm cells 
being elongated and narrow with square ends, w hilo those of the 
cambium are prismatic The behaviour of the two is different, 
the divisions of the procambial cells taking place m three pianos, 
those of the cambium chiefly tangentially, but to a slight extent 
radially as well. 

The activity of the cambium is greater towards the interior 
of the stem than oufc wards, so that much more wood is foimed 
than bast. 

The cells when first cut off fiom the cambium are thin- 
walled and hardly distinguishable from the merismatic cells 
Gradually they aie changed to the permanent form. Those 
which are to form xyleni parenchyma divide transversely, 
becoming cubical instead of prismatic Those destined to bo 
traoheids or segments of vessels increase considerably m 
diameter, displacing and compiessing the adjacent cells. The> 
thicken regularly or irregulaily, as before described. The fibres 
which originate from the cambium exhibit a cuiioiis mode of 
growth, their lower and upper ends, which aio, like the cambial 
cells, somewhat pointed, growing past those of the colls which 
adjom them, and which behave similaily. Thus the sei).irate 
fibies extend themselves between their neighbours, and ()ft(‘n 
attain considerable length Then transvoiso diameter tlocs not 
increase as in the case of the vessels. Tins mode of behaviour 
is known as shding growth. It is seen, not only in the y'oung 
stem, but often when growth in thickness is not accomj)amod by 
growth in length, when it causes cuiious displacement of the 
tissues 

In the Conifers the secondary wood formed by the cambium 
consists of fibrous trachoxds whoso radial walls are furnished 
with bordered pits (Jig 038) 

The cells formed in the bast include chioriy parenchyma and 
sieve tubes The latter show a little peculiarity in their devoloj). 
moiit, whether fiom cambium or procam))ixim. si^gmont of 

the merismatic coll which is about to gn o rise to a siovo tube 
cuts oir by longitudinal walls one or soiuotimos two seginoutB, 
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which aie much smaller than the remaining one. These con- 
stitute the companion cells {fig 744, c) , each remains filled with 
Ijrotoplasm and contains a large ntieleus- The remaining cell 
thickems its end walls, which become perforated, forming sieve 
plates, thioiigh which the contents of the adjacent cells com- 
mnnicate (fig 744, sp). The mielens breaks up and disappears, 
so that the mature sieve tube has not a nucleus. The sieve 
plates have later a deposit of callus upon them. 

In the Gymnosperms the sieve-tubes ha\ e no companion cells 

The cambium cells, though usually elongated prisms in shape, 
aie not always so. Those cells which eontmue the primary 


Fig 744. 



medullary rays, or which form secondary ones, divide transv erseljs 
becoming almost cubical (Jig 742, if.c) The segments which they 
contribute to the medullaiy rays have then always this shape. 

By this mode of behaviour of tlio cambium ring, wood is 
continually formed centrifugally, and the stem increases m thick- 
ness- The activity of the cambium continues for the greater 
portion of each year, and consequently a now zone of wood is 
produced annually. The vessels which are formed in autumn 
liaNo smaller diameters than those of the spring wood, so that 
the o\tent of each year’s foiiuation is usually very evident, 

A A2 



856 


MAlSIUAIi OF BOTANY 


The successive Tories of wood are known as annvual rvngs 
{fig. 14.^) 

The activity of the cambinm on its external face is maiked by 
a similar mtermittence Usually, however, the hmits each 
year’s formation of bast are not distinct The bast is fuither 
much interfered with by secondaiy foimations of perideim 


Fig 745 



annual I mgs of wood p7i Phloem c Coitcx wi 7 Primary meduU ary 
ray pf Layei of pcndeim. After Knj 

In an old stem the internal zones of wood are frequently \ ery 
different m apxieaiance from the more external ones. As the 
wood gets older the cells lose their protoiilaem and die, boconnng 
hard and dry, and frequently much daikcr m colour. The 
outer zones, on the contrary, contain colls w’-hicli are living, and 
wdnch are charged with water The secondary v ood can thus 
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bo divided into the cblbwrniim or sajpioood^ and the duramen or 
lieay t-tvood. 

The great inciease m thickness of the stem thus brought 
aboui^sots up great and gradually increasing tension in the 
cortex, leading to early rupture of the external layers To replace 
the latter such stems show a continual formation of layers of 
Xihellogen, each giving rise to a cork or periderm layer eis^ternally, 
and usually to phelloderm or secondary cortex internally The 
periderm being imxiervious to moisture, all the tissues external 


Fia 746 
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740. Section of bark of dim cm a After ICny pe Ponderin 

layortJ, arising at <lifforeut deptba in the cortex 


to it dry ui) and porish. Baccosaivo layers of phellogon aiising 
continually deepei and deopei m tho cortox cause the external 
dry tissue to bo very complex in sicucturo Tho phellogon layers 
often extend as far internally as tho secondary bast The mass 
of external tissue thus formed is known as tho harh. It includes 
all tho layers of cork or peridonu, with varying quantities of 
cortical tissue, poricyclo, and bast It is consequently oxtremoly 
complex. The pliollogons form often not only ordinary cork colls, 
but mixed with them colls thickened sclorcnchyniatously. 


858 


MANUAL OF BOTANY 


In some eases the bark is the product of a single phellogen 
which continues its activity for many years A very thick ex- 
ternal layer of cork is thus formed, as in the cork oak. In 
other eases a new phellogen is formed every few yeais, de^er m 
the tissue than the previous one 

These formations of phellogen may be cylindrical, cutting off 
regular zones or cyhndeis of tissue Frequently, however, they 
dip into the other tissues somewhat iriegulaily, and often in- 
tersect each other, giving use to the sepaiation from the stem of 
irregular sheets of bark {^fig 746) These sometimes, as in the 
Plane tiee, are shed from the tiunk m laige patches Wo dis- 
tinguish the latter case from the former by the teims scale 
bark and ? inqed bark respectively Binged bark is generally 
luptured longitudinally somewhat irregulaily, and piesents the 
appeaiance of grooves or fuiiows often of considerable depth. 

Besides this formation ofbaik, seiMiigas a normal protection 
to the internal tissues, another tissue is developed in cases where 
an injury occurs to woody plants This is known as callus, and 
consists of oidmary xiaienohynia, which ultimately becomes 
co\ ered with cork. It is only peculiar m its mode of oiigin, the 
cells which are adjacent to the injured ones becoming merisinatic 
There is not much difference between this formation and that of 
the coveiing of exposed suifaees by coik as already dosciihed 
(page 334) If in a stem or loot the wound loaches to tho 
cambium, the callus oiiginates at its sides as befoic, but coik and 
new cambium are formed m it, the latter joining tho cambium 
which was injuied, and growing over and closing the wound If 
any object becomes impacted in the wood b,> the injuiy, the now 
formation giow^s over it and completely encloses it 

Turning from transverse sections to study tho structuio as 
iGvealed by longitudinal ones, this type of stem shows at tho 
summit a small celled meristem as aheady described, forming a 
conical apex on which small lateial protrusions aiiso in acropetal 
succession The division into nodes and intornodes is visible at 
a very early period, the small jiiotrusions or cushions arising at 
the formei l^laeh jirotrusion is the indinioui of a ]<‘af It con- 
sists of a small outgrowth of the periblem colored by tho young 
epideimis The central portion of the stem or plGionio does not 
contribute to its foimation 

A little further from tho ai>ex tho diflerentiation of tho ]>ro- 
eambmm bundles in the stole can bo seen By tho time this is 
evident the loaves have olongated to a greater extent, and the 
differentiation of their internal tissue is progressing Kach pro- 
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cambium bundle of tlio stele is found to be continuous with one 
of those of the leaf, so that the bundle aj^peais to stait in the 
leaf and to pass downwards mto the stem. It is said on this 
accoLiltt to be a common bundle, that is, common to leaf and stem 
The first appearance indeed of protoxylem is usually seen near the 
point of junction of the two members These piimary common 
bundles are known as leaf trace bundles on account of their 
origin as described 

Tracing these leaf tiace bundles down the stem they are 


Fig. 747 Fig 748 



found to pass indopendtjnily down the mtei nodes, joining at the 
nodes other bundles on tormg thoio lioni the loaf voi tically below 
them, or bifui eating and joining those entering the stem from 
the neur(‘Rt orihostiehioH. If a loaf at a node sends many 
bundles into tht‘ stem, then' couihos become complicated; they 
somctnucs join the primary bundles of the siolar ring, or they 
may form adso nulopondcnt circles lu the coitox or the pith 

The at'condary bundles formed by the cambium have no 
connection witli the l(‘avcs ; they are ccmline bundles only. 

The branches of the stem arise, as wo have soon, in tho axils 
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of theleaves by develoxoment there oflateial giowmg points which 
arise as small protuberances on the side of the mam one 
747). They arise as do the leaves only from the periblem and the 
epidermal layer As they develop, their structure is foun'i to be 
similar to that of their parent ; they show the same merismatic 

Fie 749 



719 Aqnatxe stem of (’p Epidermis Ctntio.il 

laciiine iU Sclerenchym.i m the coit<*\ r«, Oiit-.ei , miu»r lused 
ciidodeimis of the bteles The steles arc fused togi*bhoi Uiteially, toiiuiuj^ 
a viboiilar in the ceufcie ot the btem sniroundina a small pox turn ot 
the i?iound tissue 


layers, each of which becomes continuous with the corresponding 
layer of the Litter. 

In aquatic stems, both of tins and of tho monocotylodonous 
type and of certain Cryptogams, there is comparatively little 
development of wood Instoiid, the cortex is unusually large, 
and fioquently shows large lacunjc or axr-passages, which occupy 
a large part of its substance, very few rows or chains of cells sopa- 
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rating them {fig* 749). In some cases the cells abutting on these 
air-jpassages are developed into hairs of oniious form. These 
lacuiite are interiupted. at the nodes, where the parenchyma is 
oontii!?aons. 


Monoootyledonoxis Type. 

The stiLictiuc of the growing point of stems of this type 
differs slightly fiom that of the former one. The ape's: is 
covered by a dermatogen, within which aie the periblem and 
plorome, but the distinction between the two latter is not well 
marked, a single initial layer being probably common to both 
{fig. 760). 

A transverse section taken a little lower down shows the 



Fiq 760 (Slowing point of stem of monocotyledonous plant Atter Donliot 

761 Diagram ol mouocotvledouona stem, showing bundles 

s<‘attoied moi e or less ii regalaily in the stele 


central stole difforontiated as m the former case. The ariange- 
mont in the stelo is, however, very different. Instead of a ring 
of procambium bundlos ananged round a central pith, many 
bundles arc found, arranged more oi loss m a number of rings, 
and all pointing to tho centre ol tlio stole They arise first 
towtirds the centre of the cylinder and x)roccod thence out- 
wards. Fux'ther dovoloxunont loads to ineioasing irrogulaiity 
in tho ring-liko arrangement, so that m an older stem tho 
bundles seem to bo scattered irregularly m the cylinder {fig, 761) 
Tho bundles are of tho collateral typo, but as differontiation 
of tho tissues proceeds, all tho xirocaiiibmui is transfouned into 
ponnauont tissue, so that the bundlos aro closed^ containing no 
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cambniin The proto:^ylem is at the apes, of the bundle, and 
consists of one or two spiral oi annular \ essels {fig 752, jp x) The 
large ducts or vessels on the wings of the bundle are nes.t 
developed and then the remainder of the wood Tlie^ioto- 
phloem IS at the back of the bast {fig. 752, The whole 

Fig 752 



Fu} 752 CollatoiiXl bmnllf' irom stem of a Mono< ot-\ lotion j)7t 

1 Xvlcm vessels pp7i Piotoi>hltM*m The huiulk* is suuouiitletl l»\ a 
siinll-cclletl sliL'.itli <)1 scleieiielijiua \.fU»j Jvii> 


bundle is sxuioundcd by a sheath consisting oi a few Ia\<^rs ot 
scloienchyma belonging to the conjunctivo tissue of the steh^ 
Viewed in longitudinal section tho bundles are seen, as in 
the other typo, to be common bundles, being continuous with 
those which belong to tho loaves. Usually several bundles 
enter from each loaf. Each passes inwards for some distance, 
then turns outwards and iiasses obliquely down tho stein, 
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and ultimately joins a bundle oiigmating fiom a lo\!^ei’ leaf 
{fig 753) 

In the grasses, in consequence of the great and lapid elon- 
gation^of the internodos, the bundles apjpear to run perpendicu- 
laily down the stem They do not penetrate far towards the 
centre of the stele, which becomes hollow. At the nodes the 
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Fitj 75.J Duigrnm oi C(»m o ot bunUles in the stem of 

a jVronoeotyledou (Palm) /'V/ 75 1 X)iagiamof 

m«»leof prrnwthoi htem ot Wonocotylodon {ZvaMavs) 

Alfec ‘1 Sachs Fhf 756 Pait of a section of stem 

of l>racmm (’’oilv ro Coitev (a <!uml>nim 

lajer h, h Unndles in ("omse of loimation 



Imiullcs anastomose fj eoly With each otlior, forming a number 
of diaphragms across tho cavity 

The poiicyclo or cxtoinal xioition of tho stole is genoially 
lignihed, and forms a hard slieath to tho cylinder. Tlie colls are 
ohiofly tibrouK, serving, wuth tho scloionch^niatous sheaths to 
th<' Hcparato bundles, to give tho iioocssary rigidity to tho stem. 
Tho cortex of tho stem varies a good deal m tliicknoss, being 
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generally thin in sab -aerial and relatively thick m subterranean 
ones 

No cambiam being present in this type of stem, there is no 
regular increase of thickness as in the former type, Tl#e stem 
of the young plant is at first very slight, but as growth proceeds 
the growing point becomes continually larger and more vigorous, 
so that each node and inteinode become larger than the pre- 
ceding ones. The young stem is thus m the form of an inverted 
cone i^fig 764) After a time this continuous enlargement 
ceases, and the upper portion of the stem is oylmdneal 

This kind of stem is not associated, as is the former type, 
with a tap loot The piimary root soon disappears, and the 
further root system consists of a number of adventitious roots 
developed fi-om the lower part of the stem. 

In some Monocotyledons, e g , Draccsna^ Yucca, a regulai 
growth in thickness of the stem occuis It is brought about by 
the development of a secondary meristem or cambium layer 
which arises towaids the exterior of the cylinder ( fig 756) This 
foims a series of bundles gradually proceeding outwards Thooo 
bundles are sometimes concentric, having their bast internal 

In such stems theie is a formation of perideim m the cortex, 
which is pio\ided with lenticels 

Other Types of Stem 

Besides the two t;^pes of monostelic stems described, another 
IS found m some of the Vascular Cryptogams The general 
features of the coitex vary a good deal, stereome tissue being 
distributed in many ways The special feature of the stele is 
that the development of the xyleiii is centripetal The \ylom 
and phloem bundles are placed side by side, and thus alternate 
with each othei. The stiucture is seen host in the stem of 
Ijycojpodium {fig 766). The stele is clothed by a poncyclo and 
surrounded by an endodormis. At various distances lomid the 
ring of pericycle, touching its internal face, a number of jiro- 
toxylem groups arc differentiated, between which are an ocxual 
number of protophloems The primary wood develops centri- 
lietally fiom these protoxylem groups, and the separate masses 
so formed unito iriegularly m the coiitro of the stole, fomiing a 
number of bands which are separated by similar bands of 
phloem. This typo of structure is found also in Psilotum and a 
few other oases 

A similar ceutnpotal formation of the primary wood is 
found in tbo sopaxate stoles of several of the polystolic 
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Selaginellas and Feins, and also m the hypoeotyledonary portion 
of the axis in some of the Phanerogams, •where the transition 
from the stiuctiiie of the stele of the stem to that of the root 
can be^iobseiwed. 

Scli^^osteUc Sieons — In this type of stem the central stele 
can be observed at its lower part, but as the axis is examined 
higher up, the cylinder is found to break up into as many strands 
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as there are vascular bundles, and these separate from each 
otlior, each bocoimng clothed with its own poncyclo and endo- 
dormis, continuous below with those of the original monostelc. 
The separate bundles may bo scattered through the substance 
of the stem, or may bo arranged in a circle. At intervals they 
auastoiuoHc with each other, forming a network of bundles. 

This typo of arrangement is rare among flowering plants, but 
it is not uncommon among the ('ryptogams, being ^ ci y fie<iuontly 
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found among %h.Q qiivsetaceco Some species of the latter show 
the separate bundles arranged m a img, each with its pericycle 
and endodermis suiroundmg it {fig 767, a) ; other species show 
the separate bundles all fused together laterally, except that part 
of their pericycle remains between each pair. The endodermis 

Fig 767. 



Fig 768 



J^Kf 767 Diagiamot stem m two 
species of JUquisitHm A A* 

limo^um s The sopaiate 
bnnillcs or sclus^osteles, 
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hw?nt(Je The scjiiisostcles, s, 

have then cndodeiiuis /used 

latortilJ\ 111 both iiKmes I ss 
ooitioal lacuiictj Attoi l*Jflt/ei 

Ft(f 76S Section of vHseuhw 

bundle of Umo\utii 

vti Kndodcuwib. jtp reii(\clc, 
^ Xylem p7t Phlotm I J^a- 

cuna AXtei Dippel 


and part of the pericycle disappear from botwoon them, but re- 
main fused in front and behind them, giving the appearance of an 
internal and external sheath ( fq. 757, b) Tlie separate bundles 
of the Eqnisetums are peculiar in having a largo lacunar space 
in the region of the xylem, causing the latter to bo rei)resonto<l 
by only a few vascular elements {fig. 768). 

The bimdles m sclnzostclic stems are always collateral. 
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Pohjstehc Stems — In these as in the last described type the 
first -formed stem is monostelic, hut as it grows the stele splits 


Fig 759 



F )(7 750 Stole of stem of Pern, composed of tlneo fused ooncentiic bundles 
(n Eudodetimss p Pei lo;^ do p/t PhUum pt Uioupb ot piotoxylom 

into two, tlnee, oi more stiands, each consisting of more than 
ono % asonlar bundle. The sepaiate xylems of these steles are 
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fused together, so that there is no i)ith. Each stele is surrounded 
by a iioru\\ cl(‘ and an endodormis, Tho soparato stoles may be 
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irregularly disposed tlirongh the thickness of the stem, or they 
may be arranged in a more or less ring-like manner. In the 
latter case the central tissue must not be confused with the 
pith of a monostelic stem The sepaiate steles freqiient|j?^ ana- 
stomose wiTjh each other, forming an irregular network which can 
readily be seen after destruction of the soft tissues by maceration 
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F}(f 7G1 Gainostclic slem of Ma}si1ea (p Kjndoinjm coin (V«ti<‘rtl 
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cndodcimis of the steles U’lie stclo^ are fu«?c(l lutcuill\, lotmiuiur 

a vu'^cuUr rjDpr xn the ceutie ol the stem smioumhiiK a suiall poition (d 
the ffiound tissue 


Two varieties of tho airangemont occur In tbo flist, wlucli is 
kno'wn as dialysiely, the steles remain for tho most i)urt imlo- 
pondent, so that a tiansveiso section sliows thorn Roi^arato or 
fused two or three together (//</. 760). In th(‘ second tho stoles are 
arranged in a ring, and are close togothoi Many of 1 hem fuse 
togetlior laterally, giving the appoaranoo of an almost cnm]doto 
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ling of vascular tissue, simulating the appearance ofien of the 
ling of collateial bundles of the dicotyledonous type of xnonostelic 
stem As they fuse, the endodermis 
and p^ricycle on their lateial faces rio 7 


disappear, and the parts of those 
layers behind and in front of them 
become continuous. The ring of 
tissue can be distinguished from the 
ring of the dicotyledonous stem by 
the presence of internal endodermis, 
l)ericycle, and phloem layers 761), 
This mode of arrangement, known 
as gamoately^ is met with in certain 
Ferns, especially andm some 



species of Aioricula, among Phanero- Fig 7G2 G-rowmg point of 

bhoot of Egmsetum a) ve>ise 
X 250 a Apical cell 

The conjunctive tissue m both ^ <5 Snccesbive seemcntb 
polystelie and schizostelic stems is 


all to be regal ded as extra- stelar in oiigin. Their growing 
points are geneially furnished with an apical cell {Jig 762, a)^ 
though sometimes they ha've a small- celled meristem 


voj. 1 
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CHAPTEB V 


THE STRUCTURE OF THE ROOT. 


Like tliat of the stem, the apex of the root m Phan ei ogams 
consists of a mass of mensmatic tissue in which the deimatogcn, 
periblem, and plexome can he distinguished The separate histo- 
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genic layers arc frequently more distinct than inthofonnor case. 
The deimatogen docs not hero consisi. ol a hiugle la^or, hut 
divides into a nunihor of layers, the outermost of win oh form a 
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cellulai mass known as the root-cap {fig 763, li) The innermost 
layei is in most Dicotyledons continued backwards over the 
surface, and foims the so-eallcd ^^ihfe'ious layer This is not, 
howe^i, mvaiiably the ease In most Monocotyledons the 
dermatogen does not persist far from the apex, and the e\teinal 
layer above the point of its disappeaiance is the outer layer of 
the peiiblom In either case, from tho external layer the special 
absoibent structmes of the root, the root-lia^rs^ are developed 
{fig 711) 

The poriblem of the root gives rise to a cortex which persists 
for a longer or shorter time. Its cells are generally parenchy- 
matous with thin walls, and there are many intercellular spaces 
among them. The hypodermal layer of this is known as tho 
Gxoderims, and its cells are frequently thickened as already 
described {fig 718). The endodermis is well marked, and its cells 

Fig 761 Fm 765. 


end 

Fhj 76 1 EuClotleixnib and pcii<*>clG of loot ol // js Hoientina en<t Endo- 

douuis j?/ ( Pawxgo cell Pciicyclc 706 Bndodeiinis of loot 

M ifcU cogfycd Ihiokoning 

aio usually thickened considerably. 'When, as in Ir'is florentma, 
the thickening is regular round the internal and radial walls, 
thoie are eeriaiii colls loft un thickened {fig 764) Veiy fioqucntly 
tho tluclvonmg is deposited m the form of the band described at 
page 332, tho separate thick jiortions somewhat resembling the 
X)rojoctions of a cogged wheel {fig 765) The thickenings are 
cuticnlarisod in both cases. In Bgiiiscium tho endodermis is 
two layers of cells thick, 

''riie stole or central cvhndor dilfers in many impoitant 
l)articulars from that of the stem. Tho poricycle is usually only 
one layer of cells in thickness, though in tho Gymnosiiorms and 
some few 1 )u*otyledons it is many -layered It is absent from tho 
roots of Its colls are X'aronehyinatous , it docs not 

show so much diderentiation as it does m the stem, rarely con- 
tain mg, wiien more than one la^cr of cells thick, any additional 

IS is"i 
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form of tissue except secretory ducts. When thickening of the 
roots takes place it gives rise to certain meiismatic layers which 
take an important share in the prQcess. The vascular bundles 
vary in number, but the bast and the wood are never conjoined ; 
they lie side by side with each other, on sepaiate radii of the axis, 
and are separated by a little conjimctive tissue. They are first 


Fig. 766 
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noticeable as procambium sti'ands, and gradually iako on the 
form of their peimanout tissue. In the tliilei'tuxtiation of the 
latter, the protoxylem as well as the protophbx'in is situated on 
the outer lace of tlie bundle, so that the development is ahva> s 
centripetal This constitutes a further important distinction 
between the root and the stem 
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The stele of the root does not usually contain any pith, the 
xylem bundles becoming united towaids the centre. When 
pith IS present the walls of its colls are often iignij^ed, so that 
the c<jiatre of the stele is a haid woody cylmder. 

The number of the xylem and phloem bundles varies, being 
usually much greater in Monocotyledons than in Dicotyledons 
Generally theie aie as many of one as of the other When only 
two of each are present the mass of wood formed by the union 
of the xylems extends aeioss the cylinder foiming a plate of 
tissue, and the two bundles of the phloem he one on each side of it. 
Such a root is called d^arcJl. When more xylem bundles mute 
to form the plate, corresponding terms are used to describe it ; 
thus we have h'larcJi^ teirarcli^ ]^olyai ch roots These terms 
were originally used when it was considered that the central mass 
of wood was a single bundle, with several points of origination of 
the differentiation 

The root of Dicotyledons and Gymnosperms does not 
contain any moiistem homologous with that m the bundles of 
the stem. When it inci eases m thickness, it does so by the 
development of intei fascicular cambium, which arises as a 
seoondaiy meristom in the conjimctive tissue on the inner face 
of the iihloem bundles, and which forms wood on its inner face 
and hast on its outer as in the stem. These interrupted strands 
of cambium are a little later connected together by a similar 
moristem arising m the peiioycle. The cells of the latter divide 
so a§ to foim two oi more layers m thickness behind the 
primary xylem bundles, and the inner layer becomes merisinatic 
In this way a sinuous layer of cambium is foimed, which 
becomes eiicular as growth proceeds The fuither de\eiopment 
is similar to that of the stem. 

The behaviour of the cambium ring is not uniform in differ ent 
plants In some it forms wood and bast opposite only to the 
original phloem bundles, giving rise to parenchyma behind the 
primary xylems 767) Thus a broad medullary ray 

alternates with strands of secondary vascular tissue, as in UrHca^ 
CucmhiAa^ and many other plants. This is veiy prominent 
generally in fleshy roots. Frequently in the latter, nr the width 
of tins ray, separate intorniediato strands of vascular tissue occur 
In other cases the cambium forms bast and wood opposite to 
both primary phloem and primary xylem. 

In Monocotyledons and Vascular Cryptogams no cambium 
la> er is developed in the roots, winch consequently nicrease in 
thickness only very slight!;^. 
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Comcidently with the development of the secondary vasonlai’ 
tissue in the stele, a phellogen layer arises, ustially in the pericycle, 
though sometimes in the cortex, which forms peiiderm externally 
and phelloderm on its inner face, as m the stem The tissues 
external to the periderm diy up and are thrown off, so that the 
extetior of the root is covered by a layer of cork, usually of stelai 
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Pnmaiy I em bundles pph Piiinan |>liIofni huudk . a* AfasM's 
of sceondan jcylcm foiiucd oiipo-sitc* to the liitt(‘i c Oauibinni Opposite 
to tliep'imaiy \ylom the oambiiim has onl\ foiinod paiont*h\ma, <ousti- 
tutiniif large sooondaxy mc<lullai v mvs Aftei Kii\ 

origin This phellogen continues active for some tune, and then 
becomes either cork or peimanent paronchyina. A now ])he]- 
logen subsequently arises in the now-formed plndloderm, winch 
behaves as did the first one. Subsequent ones are snc(»OKsively 
foxmod still more internally, till the last-foriuod one ih onl> 
separated fioiu the cambium Ting by the youngc^st bast. In this 
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■way a bai’k is formed in the root veiy similar in eomposition to 
the same structuie in the stem. Like that of the stem it often 
becomes iriegtilaily 
crackiid and fissured , . 

sometimes it is shed 
annually after the man- 
ner of scale bark. 

The blanches of 
the root arise endoge- 
nously In all flower- 
ing plants they are de- pi 
veloped from the pen- 
cycle, and bore their 
way outwards throngli 
tho cortex. 

The number of 
rows of branches pro- 
duced from a root 
coi responds to the 
number of pi unary 
xylem bundles, one 
being usually formed 
outside each At a 
very eaily stage in the 
development of the 
pi'imaiy loot a groui) 
of colls can be dis- 
tinguished m the lien- 
cycle which elongate 
111 the diicction of the 
circumforonce {fig 
708), They divide then 
by tangential walls, 
forming a layer two 
cells deep The inner 

one of those IS tho layer 7ti8. Tnuis'vci so section o£ root Cit Ile^pens^ to 
VI « A -iVin show a lootlet at two sta#?esol (leveloumeut Koot 
■vvmcn gives rise to tnc Coitox Ci*Us m process o£ absorption 

pleromo of tho new Kiulodwmis pe Peneyole eo Ooiijiiuotive 

tissue ph I'hlocm g Oambium ju Xylcni c. Der- 
lOOC, xno outer ono matoK’onof lootlct, its i>eiibIoni; its pleiome 
divides again into two, VauTieghom xsso 

which arc tho initial layer of tho periblem and denuatogen 
respectively, T^ho htilo mass continues to grow, becoming 
conical, and gradually working its way to tho exterior, absorbing 





ui 7ti8. Ti ansvci so section o£ root ot Ile^peris^ to 
show a looblet at two sta#?esol development ?/i Koot 
haiiH ec Coibe'K d Cells m process o£ absorption 
i)i Kudodeimis pe Peneyele co Ooiijiiuotive 
tisHUt* ph 3*hloc‘in {/ Oambium j, Xylcni c. Der- 
inatogen of lootlcb, p its i>eiibIoni ; pi its pleiome 
Afbei Van Tieghem x250 
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by a kind of digestive process the cells of the cortex of the 
main root as it advances 

If the stele contains more than two s^ylcm bundles, usually 
a row of lateral rootlets arises at the back of each. If, or^y two 
are present theie are generally four rows of lootlets which are 
placed in pairs, one a little on either side of each xylem mass 
In the Grasses and a few other Monocotyledons they arise 
opposite to the phloem bundles, as they do also m some 
Dicotyledons, where a resm-duet lies in the pericycle behind 
each xylem bundle 

In most Yascular Ciyptogams the meristem of the apex is 
characterised by the presence of an apical cell {fig 769, This has 
the shape of a four-sided pyi amid, the base facing outwai ds. From 
each face in succession segments are cut off, which by subsequent 

divisions give rise to 
the tissue of the root 
After each division the 
apical cell grows to 
its original size before 
cutting off the next 
segment The segment 
paiallel to the base of 
the x’)'v 1 amid origi n - 
ates the root cap, v Inch 
in this, as m the former 
cases mentioned, is a 
many - la,> ered epi- 
dermis The derina- 
togeii here docb not 
produce any jiart of 
the covering of the 
root, which is com- 
posed of the outer layer of the cortex. The segments cut 
off from the other faces of the apical cell dnide by anticlinal 
and periclmal walls, forming a mass of tissue in winch soon the 
limits of periblcm and pleronie are apparent The innermost 
layer of the former forms the endodernns, the outermost layer 
of the latter, the pericycle, except in certain cases already men- 
tioned (pages and 389), m which this layer is not differen- 
tiated. Instead, the endodermis is comxiosiid of two layers 

The lateral roots in the Vascular Cryptogams do not originate 
in the poric;v ele, but m the cndodeimis A coll of the latter, which 
IS ojiposite to a xyloin bundle of the mam root, eiiis out of itself, 


Fig 769. 



Fiff 769 Longituilinal section tbiongh root of 
showing apical lepriou v Apunl 
cell, from 'which are developed the tissue of the 
aub&taucc of the loot, o, c, and the lOot cap, 
I, I, nii n After Sachs 
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by four successive divisions, an apical cell winch gives lise to 
the tissue of the lateral root The latter bores its way through 
the cortex of the primary root in the way already described 
The pj^ricycle takes no part in the formation except to contribute 
the cells which connect the vessels of the lateral with those of 
the primary root. 

In the Ijycojpod^aceciB no lateral loots are produced , the 
branching of the mam root is always dichotomous, the growing 
point dividing into two equal ones 

When adventitious roots are formed from the stem, they 
usually originate in the same way as the noimal lateral roots 
in the Cryptogams from the endodermis , in the Phanerogams 
from the poricycle, as already described. In a few rare cases 
they arise exogenously like the branches of the stem . this occurs 
w’-hen they are developed in connection with adventitious buds 
The so-called haustoria, or suckmg roots of parasitic Phanero- 
gams, are developed from the pciiblem. 

The stem and root forming togethei the axis of the plant, the 
tissues of the one are continuous with those of the other The 
stiucturo IS, as we have seen, different in the two parts Between 
them theio is therefore a region m which the arrangement of 
the tissues of the one gradually changes into that of the othei. 
This IS in the so-called hypoeotyledonary portion of the axis, or 
the part lying between the root and the msertion of the cotyle- 
dons In Dicotyledons and G-ymnosperms the epidermis of the 
stem IS continuous with the pihferous layer, which w e have seen 
is generally the inner layer of the dermatogen, the outer layer of 
which forms the only true epidermal portion of the root, the root- 
cap. In Monocotyledons and Cryptogams the epidermis of the 
stem IS at first continuous with the epidermis of the root The 
latter, liowovei , soon separates and exfoliates with the layers of 
the root -cap, leaving the external layer of tho periblem naked. 
The latter becomes the piliferous layer. 

The endodermis and pericycle of the two regions pass directly 
into each other, and the intermediate cortical tissues are similarly 
continuous. 

Tho vascular bundles of the root become continuous with 
those of tho stem, but tho two constituents change their posi- 
tions considerably. 

In the eoniinonost case each of the xylem bundles of the root 
divides into t\\ and tho separate halves diverge to the right and 
loft, twisting as they proceed, till tho protoxyleni, at first on tho 
outer face, becomes intornah The phloem bundles also bxfuicato 
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and diverge, as do the xylem ones, passing gradually a little 
towards the exfceiior Soon the left strand of a phloem bundle is 
found to be exactly behind the right strand of a xylem bundle, 
the two forming thus an ordmary collafceial bundle which^asses 
perpendicularly up the stem The xylem and phloem bundles 
of the stem are thus twice as numerous as those of the root, 
though by the fusion of the separate stiands of bast and wood 
the number of collateral bundles of the former corresiDonds with 
the number of separate bundles of the latter The phloem 
strands do not twist m their course, so that the protophloem 
remains external 

Less frequently the phloem bundles pass straight up into the 
stem without branchmg The xylem bundles branch, di\orge 
and twist as m the former case. The light and left halves of 
two contiguous xylem bundles meet m front of the continuation 
upwards of the phloem bundle originally between them, fuse, 
and become the xylem portion of the conjoint bundle. 

In a third case the xylem bundles do not branch, but as they 
pass upwards twist as before through an angle of 180°. The 
phloem bundles branch and diverge, the halves of two contiguous 
ones fusing together behind a xylem bundle and uniting with it 
to form the conjoint bundle 

In some i)lants, particularly among the Hosacecp, tho roots 
give rise to adventitious buds Instead ol these being exeygonous, 
as when they spring from the stem, they originate deoi) in the 
tissue. They are derived from tho poric;vcle like tho lateral 
roots, and bore their way out in tho same w ay as tlio lattoi 
Ijvna7%a offers an exception to this mode of origin, as its ladioal 
budsaiise from the epidermis 
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THE STRUCTURE OF THE LEAF 


The leaf, or pllyllopoduun, arises as a little outgrowth fi^om the 
stem m close proximity to the growing point {fig. 770, Z) It 
varies iii its mode of origination aecoidmg to the mode of for- 
mation of the meiistom of the axis, if the latter has an apical 
cell, the leaf is similarly constructed ; if there is a small-celled 


moristem m the stem, the 
leaf also has no apical cell 
The tissue of the leaf thus 
arises from the dermatogen 
and the peiiblom, both of 
winch iiroduce a number of 
cells causing the projection 
In further development the 
dermatogen gives rise to the 
epidermis, and the periblem 
to the intoinal tissue, the 
plerome of the stem talcing 
no part in its formation 

Like the stem the phyllo- 
podium may bo monostolic 
or pol> stelic. In either ease 
the moristelos or separate 
steles of the leaf become 
united with the stele or 
stoles of the axis by changes 
in the colls of the poribloin 



which ho between the axial stole and the insertion of the leaf. 


The endodermis and the poricyclo of the two members are also 
continuous with each other As the leaf grows, it assumes the 
shapes already described by \ariations m the distribution of 
growth, part or all of the X)rojociion bocouung fiattoned or 
•vvingod. Usually the thrt^o regions desoribed as hypopoduun. 
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mesop odium, and epipodmm 'become sepaiately recognisaMe. 
The growth is for a time apical, but this soon ceases, except in 
Ferns, and the further development is caused by basal or inter- 
calary growth. 

The structure of the axis of the leaf differs materially 
from that of the winged outgrowths from it. In the epipodium 
the wings are usually much greater in extent than the axis 
which bears them, so that the structure of the latter is soon 
lost, and the leaf-blade when seen in section comes to appear 
altogether different from the rest of the phyllopodium 

The Mesojpod^/ibm or Petiole , — The axis of the ph^rllopodium 
IS most readily examined in the intermediate legion, oi petiole, 
which seldom becomes winged A section m this legion has a 
somewhat flattened or slightly concave upper surface and a 

Fig 771 

A B 



Fit 7 771 Section of two tvpe*3 of phyllopodium In a tlic bundles iiio 
Arranged separately, each liaviug its ow n cndoileinns ft / , and pei U'\ cl<*, p 
In u they are aiiaiiged xu a ixng in the mexistole with a eoiunion endo- 
dermis and poiio>cle Altei Y«in Ticgheni 


larger convex lower face 772) The same regions can b<‘ 
distinguished as m the stem, viz an epidermis, a coitox, and a 
certain amount of stelar tissue. 

The epidermis is similar to that of the stem its cells arc 
sometimes prolonged into hairs ; geneially stomata arc present. 
The cortex is usually composed of elongated paron<*luinatons 
cells with numerous intercellular spaces (Chlorophyll grains 
are present in the external layers- The tissue is often found to 
contain hypodormal layers of eollcnch;vma or scleronchyma, 
which may be continuous with similar layers in the stem or 
may be peculiar to the petiole 

In a few leaves, e q, tlioso of Hoy a earnomt^ tho p(‘tiolo 
contains a layer of coik tluoiighout its length, a httlo below tho 
ej)idoiims. 
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If the stem be polystelic in its arrangement, the leaf 
may receive one or more com]jlete steles from it. Each has 
then the same structure as that of the avial steles, iiossessing 
a perK^yele and surrounded by an endodei-mis continuous with 
those of the stem If the stem be monostelic, each loaf leceives 
a branch of the stele, which is termed a meristele The vascular 
bundles in this may be surrounded by a general endo dermis 
and peiicycle, or the meristele may separate m a schizostelie 
manner into a number of strands, each composed of a smgle 

Fig 772 



vascular bundle with ondodormis and perioycle enclosing it 
{Jiff 771, a). In either case the pericycle voiy fretpiently contains 
a good deal of soleronchyma, forming strands behind or m front 
of the bundles Rarely scluzostoJic struotme is found m the 
potiolo of a polystolic stem, as iii AuricnJn 

Wo may iiud different modes of arraiigemeut of tho bundles 
in tho monstolo. In the first and most common case they do 
not form a coniidete ring, but an aic not closed towards tho 
upper surface. TMio separate bnndlos have thoir bast towards 
the lower, and wood towards tho nxipei , faco of the i>otiole. They 
have a common endodcimis and xioricycle In tho second case 
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there is a complete ring, bnt the bimdles aie much smaller on 
its Tipper side {fig 771, b) In this case the oiientation is similar 
to that of the stem, the wood being nearest the centie of tho 
circle, and its development centrifugal* 

The composition of the bundles is the same as that in the 
stem fcom which the leaf pioceeds, being collateral, bicollateral, 
or concentric. 

In the petioles of the cads the orientation of the bundles 
differs from that of the stem, the protoxylem of the formci 
being near the exterior, so that the differentiation of the primaiy 
wood IS mainly, though not completely, centripetal 

Secondary thickening is very raie in the phyllopodium • it 
does occur, however, in a few families, owing to the persistence 
of a cambium layer m the usual position in tho bundles. Tho 
formation of secondary vascular tissue is but slight, and ceases 
when the le^f has reached its full size. It is less m the limb 
than in the petiole 

The petiole in deciduous leaves is the seat of a merismatic 
formation which leads to the separation of the leaf from tho 
stem A layer of cells extending comjiletely across the pliyllo- 
podium, usually exactly at the base of the loaf-stalk, divides 
several times so as to form a thm sheet of delicate thin-walled 
cells, and by the absorption of the middle laTei of tho sheet 
the two iiaits become separated and the loaf is cut off Tho 
ruptured suifaco becomes co\ered with a layci of coik 

The Leaf-hlade . — Wlien tho e];)i]podium of the loaf lomains 
unbranched, it is continuous m a stiaight lino with tho })etiolo 
if the latter bo present The cential axis of tlie Icat-blado 
much resembles the petiole, but is lathcr more ilattoncd Its 
lateral margins are continued outwards as a winged expansion 
The continuation forwards of tho petiole constitutes tho iiudi ib, 
and, as might be expected, the structuro of tho two is essentially 
similar (compare ^<75 772 and 773) 

Tho epidermal and cortical tissuos are continucHl onwards 
from tho one to the other without any break, and if tho x>«tiolo 
contains bands of collenchyma or scloronchMiia those ar<' found 
in tho midiib also, Tho vasoiilai bundles send out 1n*anoh<'H 
into the wings, the distnbiition of wdneh vanes with tho dumai- 
sions of tho lattoi* 

If tho ox>i])odiniu is blanched, tho br.nichos may r<*nnuu 
distinct or their wings may bo fused tog(»tluT to a vt^iy variabli* 
(extent Tho socondary axes aio gonorally distuigmshablo as 
libs much hko tlio midrib If tli© branching is cymoso, there is 
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no mam midiib, but a vaiiable number springs ficom the junction 
of petiole and blade As befoie these have a very similar 
structure to that of the petiole 

As the termination of the mam a\is or any of its branches 
IS ap];5I*oached, the axial character becomes less and less con- 
spicuous, till it IS indistinguishable from that of the wings with 
winch it is continuous Where the fusion of the wings has taken 
l'>lace, the vascular bundles from the diffeiont axes fre<iuentiy 
anastomose with each 
other, forming a com- 
plicated network in 
which the bundles ter- 
minate either separately 
or in the form of a 
meshwork 

Tlio transition from 
the structure of the 
petiole IS thus a gra- 
dual one, the successive 
axes hocoirungmoie and 
moiG flattened till they 
lose altogether tlicii 
cylmdrical chaiactei 
The epidermis is conti- 
nuous over the whole 
Mir face, and is not much 
altered ; the cortex pecu- 
liar to the axis becomes 
gradually replaced by 
that peculiar to the 
llattened wings , the 
vascular edements arc 
gradually attenuated till 
only a few traclioids 
remain conjoined with 
a hinitod amount ol soft tissue, continuous with the bast. 
The endodoinns of the stoles or rneristolos can often bo traced 
foi wards almost or quite to tlio termination of the bundles. 

character of the libro- vascular bundles usually lemains 
unchanged, in most Ferns, however, the originally conccnitric 
bundle loses the hast u]>on its iqipor face, and so becomes collateral. 

''rhe leaf-hlado so consinicti'd shows an o]ndornns which is 
continuous with that of the petiole, and which extends over the 


Fio 773 



Fuf 77*1 St*cti<m ot mKliil) ot IwC ol PiimuUi 
cp Kpidcinus CO Ooitox etf Tfliidodeimis 

jptf l*eiic>olo Phloem tt X>lcni 
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whole of its surface. It is tisxially only one layer of cells thick , 
the cells are somewhat brick-shaped on section, and have their 
outer walls generally cuticularised to a greater or less extent 
In thick coriaceous leaves the outer layei of the cell-wall^of the 
epidermis can often he stripped off in a contmuous layer, known 
as the cuticle 774). In some leaves the epidermal cells 
divide by walls parallel to the suiface, and the epidermis 
becomes composed of several layers of cells {fig 775) Viewed 
from the surface the epidermal cells are sometimes sq[tiare or 
oblong, sometimes much smuated in shape. Generally m the 
higher plants the cells of the epideimis contain little more than 
water , in some plants, especially in the Ferns, chloroplastids are 
piesent 


Fig 774 


Fig 775. 




Fuj 774 Veitical section of the cunlenms oi I/oifft trr?fio<>fe fiotitoil \\ith 
CAustic potash a TIio detached cuticle h The tlnelcenod eutioiil iiised 

lajers ol the outei wallb of the epidoim.xl cells Albci Mold Ftff 775 

Thiee-layeied epidcimis of leaf ol Fit u% eltisftca 

In aquatic plants the external walls of the oi)idoriual cells 
aie not cuticulaiised 

The epidermis m all the higher plants is furnished with 
stomata, which are variously disposed In the leaves of soft 
herbaceous plants these openings aro present on ])oth sui faces oi 
the leaf, those of hard woody plants havo them generally only 
on the lower face , m subincrgod leaves there aro none ; in 
iloatmg leaves they aro confined to the upper surlaeo. 

In many loaves water stomata aro present. Those remain 
permanently open , in some, again, there arc openings between 
the colls, which can liardly bo described as stomata. These 
irregular openings, like the tiuo water stomata, s<*r%e for tlie 
omission of diopa of watoi. 

In some leaves, as in tlio Oloandor *{NcriU 7 ?i oleander) and 
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Banlxsia, the stomata are seated in pit-like depressions on the 
iindei stufaco {fig 776). 

The cells of the epidermis when the lattei is many-layered 
somct^jjnes contain the cystohths already described {fig 775), 
Within the epideimis of the wmged poitions of the phyllo- 
podmmis the meaojyliyll of the leaf This is variously an anged> 
giving throe mam types of structure, known respectively as the 
centric^ the dors%-veniral^ and the %Bod:>%latc'i al of these the 
second is the commonest torm {fig. 777). It has derived its 
name from the fact that the tissue is of different character 
towards the upper and lower surfaces Immediately under 
the upper epidermis the cells are oblong, and are arranged with 
their longest diameter at right 
angles to the surface of the leaf, 
constituting the so-called pah-- 
Bade ji^arenchyma The cells 
contain large numbers of chloro- 
plastids or chlorophyll grams. 

Homeimies there is only a single 
layer of those cells, but often 
thoio aio sevoial. The cells are 
ananged close together, and 
have relatively few intercellular 
spaces among them 

The lower half of the meso- 
phyll IS made up of the so-called 
txpongy yen encliyvia. The colls 
aie of irregular shape, and are 
airang(*d often so as to bo in 
contact only at portions of their 
surfaces, so that the tissue is 
much loss dense, and largo intercellular spaces or laeunse are 
iu’csent ; tlu*ro is always a conspicuous lacuna under each stoma. 
The cells of the spongy parenchyma, like those of the palisade 
tissue, contain chloroplastids , but these are relatively less 
numerous, causing tho under side of dorsi-ventral loaves to 
apx)oar, usually, a lighter green than tho upper side In Ferns 
tho dilferentiation of tlio mosoidiyll into these two layers is 
very feebly markc'd Tho \ ascnlar bundles are disposed between 
the two layers of the mosoidiylL 

Ju the iso-bilatend type th(»ro are two layers of pahsado 
parenchyma, one on each face. Tho siiongy nic‘Sophyll is inucli 
lc‘HH consj>icuous, and occupies tho space hotwoon them. These 


Fig 776 



Fitj 77G Vcitiical secbioii tlirouf^li 
the leaf of a Jianlsia a Epi- 
deimis c S))onfp.loimpaioiich\ma 
ft II tins which au* coutciiaecl iii 
litUc depi essions on tho uudci sui- 
laoe ot tlie loaf, and at whose base 
peculiar stomata aie found Attei 
Schlcidcii 
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leaves are fre(iuently supplied witli bands of sclerenehyma, which 
extend from the epidermis mwards, forming often a thick shoath 
round the bundles, and reaching fcom one epidermis to the 
other. 


Fig 777 
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Fuj 777 Soi'tion oi leaf blade of Ma x 3(M) 

Pjilisiuici naienchyma v & Vasoular buiidb*, the apper- 

moht SpouKv i)aionc*U\niia it Stoma m the Iowit 

7 s Intel oollultu sihicc oomiimmouting’ vith hfct)nia 


111 the centric loaf there is not much differontiation of tluj 
mGSoph;>ll, hut the inteinal tissue is more or lens homogonoous. 
This type is generally found m succulent loavos, like those of 
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0)ansula Tho cells are usually elongated like those of pali- 
sade i>areneliyma, and have between them narrow intercellular 
spaces. The chlorophyll is most abundant in the outei layers. 
Frequently tannin sacs aie piesent. The cells are all very turgid, 
from the presence of water A particular foiiii of the centric 
leaf IS found in the Conifers These are somewhat awl-shaped, 
and in section appear xilano-convex {fiq 778) The epidermis is 
thick- walled and has stomata on all its surfaces, the guaid-cells 
of the latter being usually depressed below the surface The 

Fio 778 



Fitj 778 CJoiitrK’ ItMf of Kpiileimis hv Hypuclernm En- 
(lodiTiiua V h Yasculai buiidlo ? i llesiii-duct 


mosophyll contains a layer of sclerenohyma on its exterior, 
which at the margins of the leaf consists of a numbor of cells 
filling up tho angle of tho section. The other cells of the 
mesophyll aio sinuous m outline, and thoir walls show curious 
infoldinga of colluloso. They contain the chloroplastids. In 
tho centre is a woll-iuarkod ondodermis enclosing a many- 
layorcd pericyclo and usually two vascular bundles. Those aio 
exceptional m containing a layer of eanibmm between the wood 
and tho bast. Tho porieyclo is also i)Oculiar. it contains a 
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mimber of tracbeicls whiclx abut upon the \ylom, and servo to con- 
vey water from the latter to the mesophyll of the leaf They 
are spoken of as U ansiiisiOQi tissue The jildooiu is m contact 
with a number of cells eontainm^^a somewhat dense in ooplasm. 
Besides these a band of sclexenchymatous Jtibies is found at the 
back of the phloem. 

The mosophyll of the leaves of the Conifers contains also a 
variable number of resin-ducts of similar stiuctmc to those ot 
the stem. 

The vascular bundles of tlio leaf-blade, as we have seen, are 
the continuations of those of the axis of the ph3llopt)dinin. If 
the avis is monostelic or polystolie, as the ramirications proc(‘ed, 
the bundles ultimately become isolated, and the Idado is theic- 
foio astehe Outside the stoles or the sepaiate bimdlos, trace- 
able for a vaiying distance, is often a band of sclei (‘iich^ina 
or collGnch;>ma, extending m the mam iibs to the epideiniis ot 
the lower suiface. As the bundles ai e traced further and tnilhei 
fiom the axis they got tlmmor and thinner, gradual!, \ h>.sing the 
distinctive characters of their woody and bast <‘lciuents ^i'ho 
•woody part peisists furthest, and ultimately consists only a 
few tiachoids. They end goncreilly in plevuscs, or with fi(‘o 
teiimnations among the mcsoi)h>ll paiencliMua In soin(» 
oases a peculiai structure, known as a tv<dcr-r//(nt(h hos m tlH‘ 
mosophyll between the epidermis and the end ot tlie bnndU‘. 
These bodies consist of a mass of small cells with thin walls, 
usually co\ered hy a sheath which is continuous with tlu‘ 
endodcriuis of tho bundle The ti'acheuls of the bundh* h‘nni- 
iiato abruptly at tho lower end of the gland One or more water 
stomata pierce tho epidermis over tho lattt‘r. Sometimes a 
water-gland is found above a mass ot tracheids lormt*d b,N tiu» 
fusion of several bundles. 

lii coi tarn leaves, ospcoi ally tliG Imd scales of tlio (kniifers 
and tlioso of the ITorsochestnut, theio is usually a la>c‘r of cork 
underlying tho opidonms. The formation of cork is, lu)we\cr, 
very rare ni leaves. 

Tho structure of tho outer floral leav(‘S (UtTors but slightly from 
that of the foliage loaves doscrilx^d. Bracts and sepals are tmly 
very little modified, tho chief dilTer once being tlic* gtnu'ral abstmee 
of seleivniehyina. Tho upper as well as tlu^ lower epidf‘rmis, a« 
a rule, contains stomata Wh<*n tho sc^pals are fnstsl to form a 
gamoHopalouM calyx, soinetunos tho tibro-vascular bundles of 
the separate leavers anastomoso freely, Koiuotimos th(*,N remain 
mdcixmdcnt. 
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Tlie petals aio generally more altered , tlie epidermis is 
often papillose and its cells filled witli various colouring 
inattcis. Tlieie is no ditfeientiation of the mesophyll into 
palihai^ and spongy paionohyma, and the vascular bundles 
are miich reduced 

Tho structure of the spoiophylls will be best discussed m the 
hucccoding section. 
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